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L i v e z e y ,  Kent B . , M . S . ,  W in te r  197 9 W i ld l i f e  B i o l o g y
S o c i a l  B e h a v i o r  of R o c k y  M ountain E lk  at T h e  N a t io n a l  B i s o n  
R a n g e  (143 pp. )
D i r e c t o r :  D onald  Jenni
An i s o l a t e d  e lk  h e r d ,  m a x i m u m  of 20 in d iv id u a l s ,  w a s  s tu d ie d  
i n t e n s i v e l y  f r o m  1 A p r i l  to  11 N o v e m b e r  1977 at T h e  N a t io n a l  
B i s o n  R a n g e ,  M o i e s e ,  M ontana.  E l e v e n  e lk  of the  c o w - c a l f  h e r d  
w e r e  in d iv id u a l ly  id e n t i f i e d  f r o m  e a r t a g s  and p h y s i c a l  c h a r a c ­
t e r i s t i c s .  In addit ion ,  1 4 -2 2  b u l l s  w h ic h  a s s o c i a t e d  w ith  them  
w e r e  o b s e r v e d  d u r in g  the  rut.  T h e  o n ly  in d iv id u a l s  of th i s  
s o c i a l  h e r d  o b s e r v e d  m o r e  than a few  hundred m e t e r s  f r o m  
o th e r  e lk  w e r e  c a lv in g  c o w s ,  s p i k e s  during  the  rut ,  and a cow  
1 6 - 1 8  y e a r s  o ld .  T h e  h e r d ' s  h o m e  r a n g e  w a s  about 1,200  
h e c t a r e s .  E lk  w e r e  l o c a t e d  in c o n i f e r o u s  t i m b e r  and t i m b e r  - 
g r a s s l a n d  e d g e  b e t w e e n  2 7 M ay and 21 June m o r e  often  than  
during  any  o th e r  p e r io d .  T h is  2 6 - d a y  p e r io d  c o r r e s p o n d s  w ith  
the d a te s  of c a lv in g .  S o m e  of the  c o w - c a l f  i n t e r a c t io n s  f r o m  
c a lv in g  through  w e a n in g  d e s c r i b e d  and qu ant i f ied  w e r e :  h id ing ,
f o l lo w in g ,  s o c i a l  in te g r a t io n ,  du rat ion  and r a te  of  s u c k l e s ,  and  
t h i e f - s u c k l e s .
O v e r  500 a g g r e s s i v e  a c t s  w e r e  r e c o r d e d  and a n a ly z e d .  F i f t y -  
tw o  b e h a v i o r a l  a c t s  w e r e  d e s c r i b e d .  A n a l y s i s  of o v e r  2 2 ,5 0 0  
b i t s  of data f r o m  s c a n  and in s ta n t a n e o u s  s a m p l i n g  sh o w e d  d i f f e r ­
e n c e s  in  a c t i v i t y  b e t w e e n  s e x - a g e  c l a s s e s  and b e t w e e n  d i f fe re n t  
t i m e s  of day.
M a le s  o ld e r  than s p i k e s  w e r e  o b s e r v e d  w ith  in d iv id u a ls  of the  
i s o l a t e d  h erd  on o n ly  t h r e e  o c c a s i o n s  b e t w e e n  1 A p r i l  and 30 
A u g u s t .  B u l l s  w e r e  a l w a y s  p r e s e n t  in the s tu d y  a r e a  b e t w e e n  
31 A u g u s t  and 11 N o v e m b e r ,  d iv id ing  the h e r d  into  a s  m a n y  a s  
t h r e e  s m a l l  h a r e m s .  At l e a s t  10 b u l l s  p e r f o r m e d  m o r e  than  
1 ,80 0  r e p e t i t i o n s  of r u t t in g  b e h a v i o r s  su c h  a s  b u g l in g ,  s p a r s ,  
n o s e s  o r  l i c k s  to  f e m a l e s ,  m o u n t s ,  a n t l e r - t h r a s h e s ,  and  
w a l l o w s .
The  p r e s e n c e  of f e n c e s  w i th in  the  a r e a  p r o v id e d  o b s e r v a t i o n s  
of the d i s tu r b in g  c o n d i t io n s  brough t  about b y  s u c h  unnatural  
b o u n d a r i e s .
i i
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C H A P T E R  I
IN T R O D U C T IO N
T h e r e  a r e  t h r e e  s u r v i v i n g  s u b s p e c i e s  of  e lk  (C e r v u s  e l a p h u s ), 
o r  w a p i t i ,  in  N o r t h  A m e r i c a ;  t u l e  e l k  (C. ê . n a n n o d e s ), r e i n t r o d u c e d  
th r o u g h o u t  c e n t r a l  and  s o u t h e r n  C a l i f o r n i a  a f t e r  d e c l i n i n g  to  o n e  p a i r  
in  1874  o r  1875  ( M c C u l lo u g h  1966);  R o o s e v e l t  e l k  (C. £ .  r o o s e v e l t i ) 
of  n o r t h e r n  C a l i f o r n i a ,  O r e g o n ,  and  W a s h in g t o n ;  and R o c k y  M o u n ta in  
e l k  (C. n e l s o n i ) of  t h e  R o c k y  M o u n t a i n s .  M c C u l lo u g h  (1 9 6 6 )  
d e s c r i b e d  th e  p r o b a b l e  e v o l u t i o n ,  h i s t o r i c a l  d i s t r i b u t i o n s ,  and  
m o r p h o l o g i c a l  d i f f e r e n c e s  o f  t h e s e  s u b s p e c i e s .  N o r t h  A m e r i c a n  e l k  
and  E u r o p e a n  r e d  d e e r  c o m p r i s e  o n e  s p e c i e s ;  t h e y  i n t e r b r e e d  r e a d i l y  
a nd  i n t e r g r a d e  m o r p h o l o g i c a l l y  (G u th r ie  1966  in  K i r s c h  and G r e e r  
1 9 6 8 ,  M c C u l lo u g h  1 9 6 6 ) .
M o s t  e l k  s t u d i e s  d e a l  w i t h  p a r t i c u l a r  m a n a g e m e n t - o r i e n t e d  
o b j e c t i v e s :  m i g r a t i o n  and  h a b i t a t  u s e  ( S k in n e r  1 9 2 5 ,  P i c t o n  1 9 6 0 ,  
K nig ht  1 9 7 0 ,  C r a i g h e a d  e t  a l .  1 9 7 2 ,  C r a i g h e a d  e t  a l .  1 9 7 3 ,  M a r c u m
1 9 7 5 ) ,  r a n g e  c o m p e t i t i o n  (C o w a n  1 9 4 7 ) ,  fo o d  p r e f e r e n c e s  (O r r  1 9 3 7 ,  
M o r r i s  and S c h w a r t z  1 9 5 7 ) ,  s u r v i v a l  ( V e r m e  1 9 6 8 ,  F l o o k  1 9 7 0 ) ,  
r e p r o d u c t i o n  (C off in  and R e m i n g t o n  1 9 5 3 ,  M o r r i s o n  et  a l .  1 9 5 9 ) ,  
t e c h n i q u e s  f o r  a g i n g  ( S w a n s o n  1 9 5 1 ,  Q u i m b y  and  G aab  1 9 5 7 ,  G r e e r
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a nd  Y e a g e r  (1 9 6 7 ) ,  m a r k i n g  and  m o n i t o r i n g  ( J o h n s o n  1 9 5 1 ,  T e s t e r  and  
S in i f f  1 9 6 5 ,  C r a i g h e a d  et a l .  1 9 6 9 ,  V a r n e y  1 9 7 1 ) ,  and  a e r i a l  c o u n t i n g  
( C o v a a s  e t  a l .  1 9 6 6 ) ,
Of the  f e w  b e h a v i o r a l  s t u d i e s  p u b l i s h e d .  D a r l i n g ' s  H e r d  of  
R e d  D e e r  (1 93 7 )  i s  the  c l a s s i c .  O t h e r  w o r k s  i n c lu d e  a  c o m p r e h e n s i v e  
s t u d y  o f  t u l e  e lk  b y  M c C u l lo u g h  (1966);  s t u d i e s  of  R o o s e v e l t  e l k  s o c i a l  
b e h a v i o r  ( L ie b  1 9 7 3 ,  F r a n k l i n  e t  a l .  1 9 7 5 ) ,  r u t t in g  b e h a v i o r  ( B o w y e r
1 9 7 6 ) ,  and a c t i v i t y  ( B o w y e r  in  p r e s s ) ;  s t u d i e s  of  R o c k y  M o u n ta in  e l k  
r u t t in g  b e h a v i o r  ( S t r u h s a k e r  1 9 6 7 ) ,  s o c i a l  b e h a v i o r  (A l t m a n n  1 9 5 2 ,  
1 9 5 6 b ,  1 9 6 3 ) ,  and m a n y  o t h e r  f a c e t s  o f  t h e i r  b e h a v i o r  ( M u r ie  1 9 3 2 ,  
1 9 5 1 ) .  R e p o r t s  o f  e l k  b e h a v i o r  a r e  a l s o  i n c l u d e d  in  w o r k s  abou t  o t h e r  
u n g u l a t e s  ( G e i s t  1 9 6 6 ,  d e V o s  e t  a l .  1 9 6 7 ,  F r a s e r  1 9 6 8 ) .
T h e  R o c k y  M o u n ta in  e l k  of th e  N a t i o n a l  B i s o n  R a n g e  p r o v i d e  
a u n iq u e  o p p o r t u n i t y  to  s t u d y  a c a p t i v e  p o p u la t io n  in  s e m i - w i l d  
c o n d i t i o n s .  T h e  o b j e c t i v e s  o f  t h i s  s t u d y  w e r e  to  d e s c r i b e  and  q u a n t i f y  
th e  s o c i a l  b e h a v i o r  o f  a  c o w  h e r d  and th e  r u t t in g  b u l l s  w h i c h  a s s o c i a t e d  
w ith  t h e m ,  to  d e s c r i b e  t h e  b e h a v i o r a l  d i s p l a y s ,  t o  d i s c u s s  th e  p o s s i b l e  
f u n c t i o n s  o f  t h e s e  d i s p l a y s ,  and to  c o m p a r e  th e  b e h a v i o r  of  B i s o n  
R a n g e  e l k  w i t h  th e  b e h a v i o r  o f  o t h e r  e l k  a s  d e s c r i b e d  in  the  l i t e r a t u r e .
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C H A P T E R  II 
D E S C R I P T I O N  O F  T H E  S T U D Y  A R E A
V e g e t a t i o n  and T o p o g r a p h y  
T h e  N a t i o n a l  B i s o n  R a n g e ,  a  7 ,5 0 3  ha  N a t i o n a l  W i l d l i f e  
R e f u g e ,  i s  l o c a t e d  in L a k e  and S a u n d e r s  c o u n t i e s  of w e s t e r n  M o n ta n a  
( F i g .  1) . C o m m o n  s p e c i e s  in  th e  P a l o u s s e  P r a i r i e  g r a s s l a n d  a r e  
b lu e b u n c h  w h e a t g r a s s  (A g r o p y r o n  s p i c a t u m ), Idaho  f e s c u e  (F e s t u c a  
i d a h o e n s i s ), r o u g h  f e s c u e  ( F .  s c a b r e l l a ), and  c h e a t g r a s s  (B r o m u s  
t e c t o r u m ). S h r u b s  and u n d e r s t o r y  t r e e  s p e c i e s  i n c l u d e  s n o w b e r r y  
(S y m p h o r i c a r p o s  o c c i d e n t a l i s ). R o c k y  M o u n ta in  m a p l e  (A c e r  g l a b r u m ), 
h a w t h o r n  (C r a e t a g u s  d o u g l a s i i ), c h o k e c h e r r y  (P r u n u s  v i r g i n i a n a ), 
s e r v i c e b e r r y  (A m e l a n c h i e r  a l n i f o l i a ), n i n e b a r k  (P h y s o c a r p u s  
m a l v a c e u s ), and m o c k o r a n g e  (P h i l a d e l p h u s  l e w i s i i ) ( M o r r i s  and  
S c h w a r t z  1 9 5 7 ) .  F o r e s t s  d o m i n a t e d  b y  D o u g l a s  f i r  (P s e u d o t s u g a  
m e n z i e s i i ) on n o r t h e r n  e x p o s u r e s  and p o n d e r o s a  p in e  (P i n u s  p o n d e r o s a ) 
on s o u t h e r n  e x p o s u r e s  c o v e r  m u c h  of  th e  h i g h e r  e l e v a t i o n s .  A b o u t  
2 5 p e r c e n t  o f  U p p e r  South  and  L o w e r  Sou th  r a n g e s  a r e  f o r e s t e d .
E l e v a t i o n s  r a n g e  f r o m  a b o u t  792 m  n e a r  M i s s i o n  C r e e k  and  
J o c k o  R i v e r  to  1 ,4 8 9  m  a t  t h e  top o f  R e d  S l e e p  M o u n ta in .
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Fig. 1. The National Bison Range.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I
.....
1 km
U p p e r  
S o u th  
R a n g e
Lower S o u th  R an g e
M O N T A N A
1 D isplay P a s tu r e
2 Miss ion C re e k
3 Tour Road
4 Pau l ine C r e e k
5 F e n c e s
6 Elk C r e e k
7 T r i s k y C r e e k
8 J o c k o River
9 US 93
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T o u r i s t  I m p a c t  
A 30 k m  r o a d  t h r o u g h  th e  r e f u g e  w a s  m a i n t a i n e d  b y  r e f u g e  
p e r s o n n e l  f o r  p u b l i c  u s e  d u r in g  p r e s c r i b e d  t i m e s  of th e  d a y  and  y e a r .  
T o u r i s t s  w e r e  p e r m i t t e d  in o n ly  the  n o r t h e r n m o s t  e d g e  of th e  s t u d y  
r e g i o n ,  and w e r e  not  a l l o w e d  to  l e a v e  th e  a r e a s  n e a r  t h e i r  c a r s .
S t a t e  H ig h w a y  2 0 0  p a s s e d  60  m  f r o m  th e  s o u t h w e s t  c o r n e r  of  U p p e r  
Sou th  R a n g e .  A p u l lo f f  po in t  at the  top  o f  th e  h i l l  a b o v e  R a v a l l i ,  at 
th e  s o u t h e a s t  c o r n e r  o f  th e  r e f u g e ,  a l l o w e d  t o u r i s t s  to  s t o p  and  l o o k  
f o r  w i l d l i f e .  H u m a n  d i s t u r b a n c e s  w e r e  f r e q u e n t  b e c a u s e  t o u r i s t s  
c o u l d  o b s e r v e ,  y e l l ,  w h i s t l e ,  " b u g le ,  " and b lo w  t h e i r  c a r  h o r n s  at  
th e  e l k  in the  a r e a .  T r e s p a s s e r s  w e r e  found  and to ld  to  l e a v e  on tw o  
o c c a s i o n s .
M a m m a l i a n  S p e c i e s  
P o p u l a t i o n s  o f  a b o u t  380  A m e r i c a n  b i s o n  (B i s o n  b i s o n ), 113  
p r o n g h o r n  a n t e l o p e  (A n t i l o c a p r a  a m e r i c a n a ), 22 0 m u l e  d e e r  
(O d o c o i l e u s  h e m i o n u s ), 175 w h i t e - t a i l e d  d e e r  (O. v i r g i n i a n u s ), 55 
b i g h o r n  s h e e p  (O v i s  c a n a d e n s i s  ), 16 m o u n t a in  g o a t s  (O r e a m n o s  
a m e r i c a n u s ) (26 F e b r u a r y  1 97 7  c o u n t ,  H a d e r l i e  p e r s .  c o m m .  ), and  
abo u t  88 e l k  ( T a b le  1 and A p p e n d ix  I) w e r e  m a n a g e d  on th e  r e f u g e .  
T h e s e  p o p u l a t i o n s  w e r e  r e d u c e d  r e g u l a r l y  b y  R a n g e  p e r s o n n e l  to  h o ld  
t h e m  in c h e c k .
P o t e n t i a l  p r e d a t o r s  o f  e l k  i n c l u d e d  a m i n i m u m  of 30 c o y o t e s  
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(C a n i s  l a t r a n s ) ( H a d e r l i e  p e r s .  c o m m .  ), s o m e  d o m e s t i c  d o g s  (C.  
f a m i l i a r i s ) f r o m  n e a r b y  a r e a s ,  and o c c a s i o n a l  b o b c a t s  (L yn x  r u f u s ) 
and b l a c k  b e a r s  (U r s u s  a m e r i c a n u s ).
T a b l e  1. C o m p o s i t i o n  of the  G ro u p  1 e lk  h e r d ,  1 9 7 7 .
C o w  - c a l f  
C o w s
p a i r s
C a l v e s d" Y e a r J i n g s ? Y e a r l i n g s
C ow  1 C a l f  1 Lcf, Sd" F i v e ,  no n e
C ow  2 ^ C a l f  22 i n d i v i d u a l l y
C ow  3 C a l f  3 i d e n t i f i e d
C ow  4 C a l f  4
C ow  5 C a l f  5
C o w C a l f  63
C o w
^Cow 2 s h o t  4 A u g u s t .  
^ C a l f  2 d i e d  10 J u n e .  
^ C a lf  6 d i e d  17 J u n e .
T h e  E l k  H er d
T h r e e  r a t h e r  d i s t i n c t  g r o u p s  o f  e l k  l i v e  on  th e  B i s o n  R a n g e :
1) th e  2 0  i n d i v i d u a l s  o f  the  U p p e r  South and  L o w e r  South  r a n g e s  ( T a b le  
1); 2 )  t h e  f i v e  e l k  o f  t h e  p u b l i c  d i s p l a y  p a s t u r e ;  and  3) the  "b ig  h e r d "  
e lk ,  u s u a l l y  of  th e  r a n g e s  o t h e r  than  U p p e r  South  and L o w e r  South .
T h e  e l k  o f  G ro u p  1 a r e  b e l i e v e d  to  b e  the  p r o g e n y  of  t h r e e  c o w s  and  
t w o  c a l v e s  f r o m  the  p u b l i c  d i s p l a y  p a s t u r e  that  w e r e  r e l e a s e d  in  L o w e r  
South  R a n g e  on 2 M a y  1972 ( H a d e r l i e  p e r s .  c o m m .  ). In 1 9 7 2 ,  s o m e
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o f  t h e s e  e l k  w e r e  s o  t a m e  that  t h e y  w o u ld  t a k e  f o o d  f r o m  t o u r i s t s '  
h a n d s  t h r o u g h  th e  f e n c e s .  G ro u p  1 e l k  w e r e  m o r e  w i l d  b y  1 9 7 7 ,  F o u r  
G ro u p  1 e lk  w e r e  s h o t  b e t w e e n  1972  and 1977; a l a r g e  b u l l  and a c o w  
w e r e  p o a c h e d  in J u ly  1 9 7 4 ,  o n e  v e r y  o ld  c o w  w a s  c o l l e c t e d  in  J a n u a r y  
o r  F e b r u a r y  1 9 7 7 ,  and a n o t h e r  v e r y  o ld  c o w  w a s  c o l l e c t e d  on 4 
A u g u s t  1 9 77  (Cow 2 ) .  T h e  t w o  o ld  c o w s  w e r e  p r o b a b l y  two o f  th e  
o r i g i n a l  c o w s  r e l e a s e d .  It w a s  d e c i d e d  to  o b s e r v e  G ro u p  1 e l k  a l m o s t  
e x c l u s i v e l y  due  to  t h e i r  r e l a t i v e  t a m e n e s s ,  the  s u p p o s e d  c o h e s i v e n e s s  
of  th e  g r o u p ,  and the  s m a l l  a m o u n t  o f  t i m b e r  w i t h i n  t h e i r  h o m e  r a n g e .  
A l l  da ta  and d i s c u s s i o n  in  the  f o l l o w i n g  c h a p t e r s  a r e  b a s e d  on o b s e r ­
v a t i o n s  of  G rou p  1 e lk  and ,  w h e n  n o t e d ,  r u t t in g  b u l l s  o f  G ro u p  3 w h ic h  
a s s o c i a t e d  w i th  t h e m .  O b s e r v a t i o n s  o f  G ro u p  3 e l k  a r e  in A p p e n d ix  I,
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C H A P T E R  III 
M A T E R I A L S  A N D  M E T H O D S
E l k  w e r e  o b s e r v e d  d u r i n g  691 o f  962 h o u r s  s p e n t  in  the  f i e l d .  
T h e  r e s t  of  the  t i m e  w a s  s p e n t  s e a r c h i n g  f o r  e l k  o r  m a n e u v e r i n g  in to  
p o s i t i o n  to  o b s e r v e  t h e m .  V i e w i n g  d i s t a n c e s  r a n g e d  f r o m  15 m  to  
0 .8  k m ,  but m o s t  o b s e r v a t i o n s  w e r e  f r o m  100 to  4 0 0  m  f r o m  the  
a n i m a l s .
A f o u r - w h e e l  d r i v e  t r u c k  w a s  u s e d  on the  j e e p  t r a i l s  a n d  the  
g r a d e d  d ir t  r o a d s  of  th e  R a n g e .  F o o t  t r a v e l  w a s  f r e q u e n t l y  n e c e s s a r y .  
O b s e r v a t i o n  and r e c o r d i n g  w e r e  don e  w i t h  a 1 5 - 6 0  p o w e r  z o o m  
t e l e s c o p e ,  tw o  1 0 - p o w e r  b i n o c u l a r s ,  tw o  3 5 - m m  c a m e r a s ,  and 5 5 - ,  
3 0 0 - ,  and 4 0 0 - m m  t e l e p h o t o  l e n s e s .
H id in g  e l k  c a l v e s  w e r e  c a p t u r e d  b y  s l o w l y  a p p r o a c h i n g  and  
g r a b b i n g  th e  c a l v e s  o r ,  i f  t h e y  s t o o d  and  r a n ,  c h a s i n g  and c a r e f u l l y  
t a c k l i n g  t h e m .  C o l o r e d  ( w h i t e ,  r e d ,  b l u e ) ,  n u m b e r e d  e a r t a g s  w e r e  
i n s e r t e d  in t o  h o l e s  m a d e  b y  p i e r c i n g  the  c a l v e s '  e a r s  w i th  a k n i f e  
(A p p e n d ix  II). T h e  t a g s  w e r e  th e n  c l a m p e d  t o g e t h e r  w i th  a D a l t o n  
c l a m p .  T h e  c a l v e s  w e r e  e x a m i n e d  and u s u a l l y  w e i g h e d  ( A p p e n d ix  II) 
t o  e s t i m a t e  d a te  o f  b i r t h  ( J o h n s o n  1 9 5 1 ) ,  H u m a n  d i s t u r b a n c e  m a y  
c a u s e  c o w  m o o s e  (A l c e s  a l c e s ) t o  a b a n d o n  t h e i r  c a l v e s  ( B a l l a r d  and
8
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T a y l o r  1 9 7 8 ) .  C o w  e l k  m a y  s t a y  a w a y  f r o m  t h e i r  c a l v e s  f o r  l o n g e r  
p e r i o d s  than  u s u a l ,  th u s  i n c r e a s i n g  th e  r i s k  o f  p r e d a t i o n  ( M c C u l l o u g h  
1 9 6 6 ) .  C o n s e q u e n t l y ,  w e  k ep t  h a n d l i n g  t i m e  at  a m i n i m u m ,  l e f t  the  
a r e a  i m m e d i a t e l y  a f t e r  e a r t a g g i n g  and e x a m i n i n g  th e  c a l v e s ,  and d id  
not  a t t e m p t  to  r e c a p t u r e  c a l v e s  f o r  r e w e i g h i n g .  A  5 0 -p o u n d  ( 2 2 . 7 -k g )  
s c a l e  p r o v e d  in a d e q u a t e  to  w e i g h  C a l f  3; t h e r e a f t e r ,  tw o  5 0 -p o u n d  
s c a l e s  w e r e  c a r r i e d .  T h e  p l a s t i c  e a r t a g s  (46 X  19 m m )  w e r e  d i f f i c u l t  
o r  i m p o s s i b l e  to  s e e  f r o m  m o r e  th a n  2 0 0  m ,  and  s h o u l d  h a v e  b e e n  at  
l e a s t  t w i c e  a s  l a r g e .  T h e  r e d  t a g s  w e r e  d i f f i c u l t  to  d i s t i n g u i s h  f r o m  
th e  r e d d i s h - b r o w n  e a r  h a i r s .  T h e  w h i t e  t a g s  w e r e  th e  m o s t  n o t i c e a b l e .
T h e  y e a r l i n g  m a l e s ,  o r  s p i k e s ,  w e r e  c a l l e d  L o n g - a n t l e r e d  
M a le  (Lcf) and  S h o r t - a n t l e r e d  M a le  (Sd"). T h e  s p i k e s  w e r e  d i f f e r ­
e n t i a t e d  b y  t h e i r  p e l a g e  c o l o r s  b e f o r e  t h e i r  a n t l e r s  g r e w .  T h e  b u l l s  
w e r e  n a m e d  f o r  th e  p l a c e s  t h e y  w e r e  f i r s t  s e e n ,  t h e i r  a n t l e r s ,  o r  
t h e i r  o v e r a l l  s i z e .  W h e n  r e f e r r i n g  to  t h e  u n e q u a l  n u m b e r  of t i n e s  on  
a  b u l l ' s  r a c k ,  I o r d e r e d  t h e m  th e  b u l l ' s  ( l e f t ,  r i g h t ) - - ( 5 , 6 ) ,  ( 8 ,7 ) ,  and  
s o  o n .  B u l l s  w i th  e q u a l  n u m b e r  of  t i n e s  on  e a c h  s i d e  w e r e  c a l l e d  
5 - p o i n t  b u l l s ,  6 - p o i n t  b u l l s ,  e t c .
A t t e m p t s  w e r e  m a d e  to  t r a n q u i l i z e  1976  c a l v e s  w i t h  a P a l m e r  
C a p C h u r  gu n  f o r  e x a m i n a t i o n  and  e a r t a g g i n g  d u r i n g  M ay .  D r ,  O ' G a r a  
h e l p e d  f o r  13|- o f  t h e  18 h o u r s  s p e n t  in  t h i s  a c t i v i t y .  T h e  a t t e m p t s  
w e r e  t e r m i n a t e d  b e c a u s e  o f  th e  t i m e  r e q u i r e d  and t h e  i n c r e a s i n g  
w a r i n e s s  o f  the  e l k  c a u s e d  b y  o u r  c l o s e  a p p r o a c h e s .
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S c a n  s a m p l e s  ( a s  d e s c r i b e d  in  A l t m a n n  19 7 4 )  o f  t h e  b e h a v i o r s  
o f  f r o m  f i v e  to  17 i n d i v i d u a l  G ro u p  1 e l k  w e r e  r e c o r d e d  e v e r y  
3 m i n u t e s  on v a r i o u s  d a t e s  f r o m  1 J u l y  to  20  O c t o b e r .  In a d d i t io n ,  
i n s t a n t a n e o u s  s a m p l e s  ( A l t m a n n  19 7 4 )  w e r e  r e c o r d e d  e v e r y  m i n u t e  
f o r  b u l l s  d u r in g  the rut  ( B r u t e ,  6 - 9  S e p t e m b e r ;  S y m  2 ,  2 O c t o b e r ) .
A c t i v i t y  c l a s s e s  i n c lu d e d :  b e d d i n g ,  b r o w s i n g ,  g r a z i n g ,  f e e d i n g  (if  
b r o w s i n g  o r  g r a z i n g  c o u l d  not  b e  d e c i d e d  upon) ,  s t a n d i n g ,  w a l k i n g ,  
t r o t t i n g ,  and  r u n n in g .  S ta n d in g  o r  w a l k i n g  e lk ,  w h i c h  had  t e m p o r a r i l y  
c e a s e d  f e e d i n g  f o r  l e s s  th a n  6 s e c o n d s  and  u s u a l l y  c o n t i n u e d  c h e w i n g  
f o o d  at the  1 - o r  3 - m i n u t e  m a r k ,  w e r e  c o n s i d e r e d  t o  b e  f e e d i n g ,  
g r a z i n g ,  o r  b r o w s i n g .  In m a n y  c a s e s ,  d i s t i n c t i o n s  w e r e  m a d e  
b e t w e e n  p o s i t i o n s  a nd  a c t i v i t i e s  w h e n  b e d d ed :  h e a d  up and not  r u m i ­
n a t in g ,  h e a d  up and r u m i n a t i n g ,  and  h e a d  dow n a n d  not  r u m i n a t i n g .
T h e  h o u r s  of  the  d a y  w e r e  s a m p l e d  e q u a l l y ,  a l t h o u g h  i n d i v i d u a l s  
s a m p l e d  c h a n g e d  f r o m  d a y  t o  d a y .  D a ta  s h e e t s  w e r e  p r e p a r e d  to  
i n c r e a s e  e f f i c i e n c y  in  th e  f i e l d  and  a l l o w  e a s y  t r a n s f e r r a l  to  data  
c a r d s  f o r  c o m p u t e r  a n a l y z a t i o n .
In o r d e r  to d e s c r i b e  the  p o s i t i o n i n g  o f  th e  h e a d ,  I e s t i m a t e d  
th e  d e g r e e s  a b o v e  ( p o s i t i v e )  and b e l o w  ( n e g a t i v e )  th e  h o r i z o n t a l .  An  
i m a g i n a r y  l i n e  f r o m  th e  m i d d l e  of  t h e  p o s t e r i o r  p a r t  o f  th e  s k u l l  to  
th e  t ip  o f  th e  n o s e  w a s  u s e d  a s  r e f e r e n c e .  A n  e l k  t y p i c a l l y  h e l d  i t s  
h e a d  at abou t  -2  0° w h e n  s t a n d i n g .
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D e f i n i t i o n s  of  B e h a v i o r s  
A g g r e s s i v e  ac t:  an  a n t l e r - d i s p l a y ,  b i t e ,  h e a d - h i g h ,  h e a d - p u s h ,  k ic k ,
o r  s p a r
A g g r e s s i v e  e n c o u n t e r :  an  i n t e r a c t i o n  b e t w e e n  tw o  i n d i v i d u a l s  w h ic h
i n c l u d e s  on e  o r  m o r e  a g g r e s s i v e  a c t s  
A n t l e r - d i s p l a y :  q u i c k l y  d i r e c t i n g  th e  a n t l e r  t i p s  a t ,  and m o v i n g
t o w a r d ,  a n o t h e r  in d iv id u a l ;  p e r f o r m e d  b y  n o n - f e e d i n g  m a l e s ;  
h e a d  - 7 0 °  to  - 4 5 °  ( r e l a t i v e  to  th e  h o r i z o n t a l )
A n t l e r - r u b :  r u b b in g  th e  a n t l e r s  b a c k  and f o r t h  on an i n f l e x i b l e  p a r t
of  a t r e e  o r  sh ru b ;  p e r f o r m e d  by  s t a n d i n g  o r  b e d d e d  m a l e s  
A n t l e r - s c r a p e :  d i g g i n g  t h e  g r o u n d  w i t h  the  a n t l e r  t ip s ;  p e r f o r m e d
b y  n o n - f e e d i n g  b u l l s  w h o  a r e  s t a n d i n g  o r  b e d d e d  
A n t l e r - t h r a s h :  v i g o r o u s l y  and  r e p e a t e d l y  c o n t a c t i n g  th e  a n t l e r s  on  
f l e x i b l e  p lan t  g r o w t h  s u c h  a s  b u s h e s ,  s m a l l  b r a n c h e s ,  s m a l l  
t r e e s ,  o r  c a t t a i l s ;  p e r f o r m e d  by  s t a n d i n g  o r  b e d d e d  b u l l s  
B i t e :  o r i e n t i n g  the  m o u t h  and  q u i c k l y  m o v i n g  t o w a r d  an i n d iv i d u a l
w i t h  l i p s  u s u a l l y  o p e n e d ,  h e a d  - 4 5 °  to  80°  ( u s u a l l y  - 4 5 °  to  4 5 ° ) ,  
and e a r s  at l e a s t  h a l f - w a y  f l a t t e n e d ;  t h e  m o u t h  m a y  c o n t a c t  th e
11
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o t h e r  i n d iv i d u a l  
B o u n c e :  a p p a r e n t l y  u n n e c e s s a r y  (w h en  w a l k i n g  o r  t r o t t i n g )  o r
e x a g g e r a t e d  (w h en  r u n n in g )  r a i s i n g  and  l o w e r i n g  of  the  head;  
w h e n  r u n n in g ,  o f t e n  c o o r d i n a t e d  w i t h  a g r e a t e r  than u s u a l  r a i s i n g  
of  the  f o r e f e e t  w h e n  th e  h e a d  i s  up, and  r a i s i n g  of  the  h in d f e e t  
w h e n  th e  h e a d  i s  dow n  
B u ck :  r a i s i n g  th e  h i n d q u a r t e r s  h i g h e r  than  u s u a l  and k ic k i n g  the  r e a r
f e e t  u p w a r d
B unt ( f r o m  L e n t  1971):  th e  u p w a r d  p u s h i n g  of  th e  h e a d  b y  a s u c k l i n g
c a l f
C h a r g e  ( f r o m  M c C u l lo u g h  1966):  a b i t e  g i v e n  w h i l e  l o c o m o t i n g  at
l e a s t  4 m  t o w a r d  a n o t h e r  e l k  w i t h  th e  h e a d  l o w e r e d  a b o v e  l e v e l  
w i t h  t h e  s h o u l d e r s  
C h a s e :  th e  l o c o m o t i n g  of o n e  e l k  t o w a r d  a n o t h e r  w h i c h  m o v e s  at
l e a s t  5 m  a w a y  f r o m  th e  f i r s t  
C h e s t - b u m p :  c o n t a c t i n g  th e  r u m p  o r  h i p s  o f  a n o t h e i ’ e l k  w i t h  th e
c h e s t ;  p e r f o r m e d  b y  e l k  o t h e r  than  r u t t i n g  b u l l s  
D i s p l a c e :  p e r f o r m i n g  a b e h a v i o r  t o w a r d  a b e d d e d  e l k  that c a u s e s  the  
b e d d e d  e l k  to  s t a n d  
F l a i l  ( f r o m  B o w y e r  1976):  p e r f o r m i n g  r e a r s  b y  tw o  i n d i v i d u a l s  w h i l e  
f a c i n g  one  a n o t h e r  and  w i t h i n  3 m  of  o n e  a n o t h e r ;  o n e  o r  b o th  
m a y  p e r f o r m  f o r e f o o t  k i c k s
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F l e h m e n :  e x t e n d i n g  and  r a i s i n g  th e  u p p e r  l ip ,  u s u a l l y  f o l l o w i n g  a
n o s e  t o  the  p e r i n e u m ,  u r i n e ,  o r  g r o u n d  r e c e n t l y  v a c a t e d  b y  a 
c o w ,  f e m a l e  y e a r l i n g ,  o r  c a l f ;  p e r f o r m e d  b y  r u t t in g  m a l e s  
F o r e f o o t  k ick :  s t i f f l y  s t r i k i n g  o n e  o r  b o th  f o r e f e e t  t o w a r d  a n o t h e r  e l k
H e a d - h i g h  ( f r o m  d e V o s  e t  a l .  1967):  q u i c k l y  e l e v a t i n g  (0° to  1 2 0 ° )  
and  d i r e c t i n g  the  m u z z l e  t o w a r d  an  i n d iv i d u a l ,  u s u a l l y  w i t h  the  
e a r s  a t  l e a s t  h a l f - w a y  f l a t t e n e d ,  and  u s u a l l y  p e r f o r m e d  w h i l e  
l o c o m o t i n g  t o w a r d  th e  i n d iv i d u a l  
H e a d - l o w ;  a p p r o a c h i n g  a n o t h e r  i n d iv i d u a l  and p e r f o r m i n g  a k i c k  o r  
b i t e  w h i l e  h o l d in g  th e  h e a d  at l e s s  th an  0°
H e a d - o f f :  d i s p l a y i n g  an  a g g r e s s i v e  a c t  t o w a r d  an in d iv i d u a l  w h o  i s
a t t e m p t i n g  t o  l o c o m o t e  p a s t  
H e a d - p u s h ;  c o n t a c t i n g  a n o t h e r  e lk  w i t h  th e  d o r s a l  o r  l a t e r a l  s u r f a c e s  
of  th e  head;  p e r f o r m e d  by  e l k  o t h e r  than  c o w - c a l f  p a i r s  
H e a d - s h a k e :  l i f t i n g  th e  n o s e  (0° to  3 0 ° )  and  t o s s i n g  th e  h e a d  b a c k ­
w a r d  and to  o n e  s i d e  w h i l e  t r o t t i n g  o r  ru n n in g ;  o r  l o w e r i n g  the  
n o s e  ( - 4 5 °  to  - 9 0 ° )  and  t u r n i n g  the h e a d  f r o m  s i d e  to  s i d e  w h i l e  
t r o t t i n g  o r  r u n n in g  
H e a d - u p  t w i s t  ( f r o m  B o w y e r  1976):  t o s s i n g  th e  m u z z l e  u p w a r d  a n d / o r
to  o n e  s i d e ,  o c c a s i o n a l l y  a c c o m p a n i e d  b y  f l o p p in g  the  e a r s ;  not  
d i r e c t e d  at a n o t h e r  i n d iv i d u a l  
H erd :  a p p r o a c h i n g  one  o r  m o r e  i n d i v i d u a l s  of  a  h a r e m  in a n  a p p a r e n t
a t t e m p t  to d i r e c t  t h e i r  m o v e m e n t s ;  p e r f o r m e d  b y  b u l l s  and s p i k e s
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H e r d - p o s t u r e :  p e r f o r m i n g  a  h e r d  w i t h  h i s  h e a d  l o w e r e d  a p p r o x i m a t e l y  
l e v e l  w i t h  h i s  s h o u l d e r s  and h o l d in g  h i s  n o s e  a b o u t  l e v e l  w i t h  th e  
g r o u n d  ( - 2 0 °  to  2 0 ° )  s o  h i s  a n t l e r s  l a y  h o r i z o n t a l l y  a l o n g s i d e  
h i s  b a c k
H ide:  l y i n g  s o  th e  v e n t r a l  s u r f a c e  of  th e  h e a d  i s  a g a i n s t  th e  g rou n d ;  
the  n e c k  m a y  c u r l  to  o n e  s i d e ,  a l l o w i n g  th e  s i d e  o f  th e  h e a d  to  
c o n t a c t  th e  bod y;  p e r f o r m e d  b y  c a l v e s  l e s s  th an  4 w e e k s  o ld  
Jaw  ( f r o m  S t r u h s a k e r  1967):  the  r a p id  o p e n i n g  and  c l o s i n g  o f  a
f e m a l e ' s  m o u t h  w h i l e  s h e  i s  in  t h e  l o w e r e d  h e a d  p o s t u r e  
J u m p - u p :  a p p a r e n t l y  u n n e c e s s a r y  o r  e x a g g e r a t e d  j u m p in g
K ic k :  s t r i k i n g  f o r w a r d  w i t h  th e  f o r e f e e t  a s  in f o r e f o o t  k ic k ,  f l a i l ,
and r e a r
L ic k :  c o n t a c t i n g  a c o w  o r  f e m a l e  y e a r l i n g  w i t h  th e  tongu e;  p e r f o r m e d
b y  r u t t i n g  b u l l s
L o w e r e d  h e a d  p o s t u r e  ( f r o m  S t r u h s a k e r  1967):  l o w e r i n g  th e  h e a d
c l o s e  to  the  g r o u n d ,  and s o m e t i m e s  s w i n g i n g  it f r o m  s i d e  to  s i d e ,  
in  r e s p o n s e  t o  an  a p p r o a c h i n g  o r  c o n t a c t i n g  b u l l  o r  s p ik e ;  
p e r f o r m e d  b y  f e m a l e s  
Mount: r a i s i n g  th e  f o r e f e e t  o f f  the  g r o u n d  w h i l e  th e  c h e s t  c o n t a c t s
th e  r u m p  of  a n o t h e r  e l k  
M o u n t - w i t h - c o p u l a t i o n ;  th e  c o n t i n u in g  o f  a m o u n t  s o  that th e  m a l e
m o v e s  f o r w a r d ,  c o n t a c t s  h i s  b e l l y  w i t h  th e  to p  o f  a f e m a l e ' s  r u m p ,  
and j u m p s  f o r w a r d  an d  u p w a r d  a s  h i s  p e n i s  e n t e r s  h e r  v a g i n a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
M u t u a l - g r o o m :  tw o  e l k  p e r f o r m i n g  s o c i a l - g r o o m s  to  one  a n o t h e r  
N o s e :  b r i n g i n g  the  n o s e  w i t h i n  about  3 d m  of  a n o t h e r ' s  b o d y  w i th o u t  
p e r f o r m i n g  a s u c k l e  a t t e m p t ,  s u c k l e ,  n o s e - t o - n o s e ,  o r  s o c i a l -  
g r o o m
N o s e - t o - n o s e :  b r i n g i n g  w i t h i n  abou t  3 d m  of  c o n t a c t  the  n o s e s  of  t w o  
e lk
N u r s e :  c o n t a c t i n g  o f  a c o w ' s  u d d e r  t o  a c a l f ' s  m o u t h  f o r  at  l e a s t
7 s e c o n d s
N u r s i n g  b e h a v i o r :  s u c k l e s ,  n u r s e s ,  and b e h a v i o r s  tha t  r e l a t e
d i r e c t l y  to  t h e m  
N u r s i n g  p o s t u r e :  the  s t a n d i n g  of a c o w  w h i l e  w a t c h i n g  h e r  c a l f
i m m e d i a t e l y  p r e c e d i n g  a s u c k l e  a p p r o a c h ;  th e  c o w ' s  r e a r  l e g s  
m a y  b e  s p r e a d  w i d e r  than u s u a l  
P a c e :  l o c o m o t i n g  a l o n g  a  f e n c e  l i n e  w i t h  th e  n o s e  r e p e a t e d l y  d i r e c t e d
o v e r  the  f e n c e  and ,  i f  a  n o n - b u l l ,  b e l o w  t h e  f e n c e ;  m o u t h  f r e ­
q u e n t l y  h e ld  o p e n  
R e a r :  s t a n d i n g  on th e  h i n d l e g s  s o  th e  d o r s a l  s u r f a c e  of the  b o d y  i s
a p p r o x i m a t e l y  v e r t i c a l  w h i l e  f a c i n g  a n o t h e r  e lk  l e s s  than 3 m  
aw ay ;  u s u a l l y  p r e c e d e d  b y  a h e a d - h i g h ;  th e  i n d iv i d u a l  m a y  
p e r f o r m  a f o r e f o o t  k i c k  
S e l f - g r o o m :  p l a c i n g  t h e  t o n g u e ,  and  o f t e n  t h e  t e e t h ,  on o n e ' s  ow n  
b o d y
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S e x u a l  a p p r o a c h  ( f r o m  S t r u h s a k e r  1967):  t r o t t i n g  o r  r u n n in g  b y  a 
r u t t in g  m a l e  t o w a r d  a f e m a l e  w i t h  h i s  h e a d  h e l d  h ig h  and  n o s e  
h e l d  at  u s u a l  a n g l e  ( - 3 0 °  to  0 ° ) ,  s o  that  h i s  a n t l e r s  a r e  d i r e c t e d  
u p w ard;  o f t e n  m o v i n g  h i s  t o n g u e  in  and out; u s u a l l y  l o c o m o t i n g  
d i r e c t l y  t o w a r d  h e r  r u m p  
S o c i a l - g r o o m :  p l a c i n g  the  t o n g u e ,  and  o f t e n  the  t e e t h ,  on the  b o d y  of  
a n o t h e r  (o t h e r  th an  s u c k l e s ,  l i c k s ,  o r  b i t e s )
Sp ar:  b r i n g i n g  t o g e t h e r  t h e  a n t l e r s  o f  tw o  m a l e s  
Spin: r u n n in g  in  a t ig h t  c i r c l e ,  a s  if  c h a s i n g  o n e ' s  t a i l
S tam p :  s t r i k i n g  the  g r o u n d  v e r y  h a r d  at the  t e r m i n a t i o n  o f  a f o r e f o o t
k i c k
S u c k le ;  c o n t a c t i n g  o f  a  c a l f ' s  m o u t h  to  a c o w ' s  u d d e r  f o r  at  l e a s t  
7 s e c o n d s
S u c k l e  a t t e m p t :  th e  m o v i n g  of a c a l f  t o w a r d  a c o w  and  o r i e n t i n g  i t s  
n o s e  t o w a r d  h e r  u d d e r  w h e n  l e s s  than  1 m  f r o m  h e r ;  m o u t h  to  
u d d e r  c o n t a c t  o f  0 - 7  s e c o n d s  
S u c k l e  w a t c h :  d i r e c t i n g  th e  n o s e ,  and a p p a r e n t l y  th e  e y e s ,  t o w a r d  
the  u d d e r  of  a n u r s i n g  c o w  l e s s  th a n  2 m  a w a y  
Supplant:  p e r f o r m i n g  a d i s p l a c e ,  t h e n  b e d d i n g  on th e  p l a c e  r e c e n t l y  
v a c a t e d  b y  the  d i s p l a c e d  e lk  
T h r o a t - p l a c e  ( f r o m  " p la c in g  t h r o a t  o v e r  b a c k , "  S t r u h s a k e r  1967):  
p o s i t i o n i n g  th e  h e a d  o v e r  the  r u m p  o f  a n o t h e r  e l k
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T u rn :  c h a n g i n g  t h e  d i r e c t i o n  of  t r a v e l  s o  th e  i n d iv i d u a l  m o v e s  a w a y
f r o m  t h e  d i s p l a y e r  o f  a  h e a d - o f f  
U r i n a t i o n  p o s t u r e  ( f r o m  G e i s t  1966):  u r i n a t i n g  w i th  the  r u m p  l o w e r e d
s o  th e  a n g l e  f o r m e d  f r o m  b a c k l i n e  to  g r o u n d ,  r e l a t i v e  to  an  
i m a g i n a r y  l i n e  f r o m  th e  w i t h e r s  b a c k w a r d  p a r a l l e l  to th e  g r o u n d ,  
i s  - 1 5 °  to  - 2 5 °
W a l lo w :  b e d d in g  o r  r o l l i n g  on w a t e r  - s o a k e d  o r  u r i n e - s o a k e d  ground ;
p e r f o r m e d  b y  r u t t in g  m a l e s
G ro u p  B e h a v i o r  and P o s s i b l e  
M o t h e r - o f f s p r i n g  R e l a t i o n s h i p s
T h e  o n ly  i n d i v i d u a l s  o b s e r v e d  m o r e  than a f e w  h u n d r e d
m e t e r s  f r o m  o t h e r  e l k  w e r e  c a l v i n g  c o w s ,  a  1 6 - 1 8  y e a r  o ld  c o w
(Cow 2)  ( s e e  B e h a v i o r  of  an O ld  C o w ) ,  and  s p i k e s  d u r in g  t h e  r u t .
T h e  e l k  n e v e r  w e r e  i d e n t i f i e d  o u t s i d e  of  U p p e r  and L o w e r  South
r a n g e s .  T h e  w h o le  g r o u p  r e m a i n e d  t o g e t h e r  d u r in g  m o s t  o f  th e  d a y s
f r o m  2 9 A p r i l  to  26 M a y  1 9 77  and  1 1 - 2  5 J u l y .  D u r i n g  c a l v i n g ,  2 7
M a y  - 2 1 J u n e ,  g r o u p  n u m b e r s  u s u a l l y  r a n g e d  f r o m  tw o  to  n in e
a n i m a l s ,  w i t h  e x t r e m e s  o f  o n e  and 15 .  F r o m  22 J u n e  to  10 J u l y ,
C o w  4 ,  C a l f  4 ,  C o w  5, C a l f  5 ,  Scf, and  a v a r y i n g  n u m b e r  of o t h e r s
u s u a l l y  s t a y e d  in  U p p e r  Sou th  w h i l e  C o w  1, C a l f  1, C o w  3,  C a l f  3,
Ld", and  th e  r e s t  s t a y e d  in  L o w e r  S o u th .
F r o m  26  J u l y  to  11 N o v e m b e r ,  t h e  g r o u p i n g s  w e r e  s i m i l a r
to  th e  J u n e - J u l y  p e r i o d ,  e x c e p t  f o r  th e  f o l l o w i n g  c h a n g e s :  C o w  4 and
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h e r  c a l f  s w i t c h e d  p a s t u r e s  w i t h  C o w  3 and h e r  c a l f ,  and C o w  5 
d i s a p p e a r e d .  I l a s t  s a w  C o w  5 on 2 O c t o b e r ,  and f i r s t  n o t i c e d  h e r  
m i s s i n g  on 8 O c t o b e r .  A " r a t h e r  o ld  c o w ,  w h o  h ad  t r o u b l e  k e e p i n g  
up w i t h  t h e  o t h e r s ,  " a  " m a t u r e  b u l l ,  " and "a f e w  o t h e r  e lk "  w e r e  
h e r d e d  up T r i s k y  C r e e k ,  a l o n g  w i th  t h e  b i s o n ,  b y  r e f u g e  p e r s o n n e l  
d u r i n g  t h e i r  a n n u a l  ro u n d u p  on  3 - 7  O c t o b e r  ( H a d e r l i e ,  p e r s .  c o m m . ) .  
C o w  5, th e  "old  c o w ,  " w a s  p r o b a b l y  s e p a r a t e d  f r o m  th e  o t h e r  e lk ,  
h e r d e d  in to  a  f e n c e d  p a s t u r e  o u t s i d e  o f  U p p e r  Sou th ,  and th en  p r o ­
h i b i t e d  p a s s a g e  b a c k  in t o  U p p e r  South  b y  g a t e s  c l o s e d  a f t e r  th e  b i s o n  
r o u n d u p .  C o w  5 m a y  h a v e  d i e d .  C a l f  5 s t a y e d  w i t h  C ow  3 and  C a l f  3 
t h r o u g h  11 N o v e m b e r .  W h e n  I c h e c k e d  th e  g r o u p  on  11 J a n u a r y  1 9 7 8 ,  
th e  f o u r  c a l v e s  ( in c lu d in g  C a l f  5) and tw o  s p i k e s  w e r e  w i t h  10 f e m a l e s  
s h o w i n g ,  I b e l i e v e ,  that  C ow  5 w a s  s t i l l  m i s s i n g  and  that  C a l f  5 w a s  
d o in g  w e l l .
Lcf w a s  not  o b s e r v e d  out  of  a  g r o u p  that  in c lu d e d  C ow  1 f r o m  
i m m e d i a t e l y  a f t e r  c a l v i n g ,  2 2 J u n e ,  t h r o u g h  11 N o v e m b e r .  C ow  1, 
C a l f  1, and  L,(f  w e r e  o c c a s i o n a l l y  the  o n l y  m e m b e r s  of  a  g r o u p .  L,d" 
w a s  p r o b a b l y  Cow I ' s  c a l f  of  1 9 7 6 .  A l m o s t  30 p e r c e n t  (8 of 2 7) of  
p o s i t i v e l y  i d e n t i f i e d  C ow  1 a g g r e s s i v e  e n c o u n t e r s  t o o k  p l a c e  b e t w e e n  
h e r  and L, d", s h o w i n g  th e  a g o n i s t i c  c a p a b i l i t i e s  p o s s i b l e  b e t w e e n  a c o w  
and h e r  y e a r l i n g  o r  the  c o n s e q u e n c e s  of  b e i n g  t o g e t h e r  a l l  th e  t i m e .
C o w  5 s e e m e d  t o  be  a y o u n g e r  v e r s i o n  o f  C o w  2,  b o th  
p h y s i c a l l y  and  b e h a v i o r a l l y ,  and  m a y  h a v e  b e e n  C o w  2 ' s  o f f s p r i n g .
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S d “ S t a y e d  w i t h  C o w  5 a l m o s t  a s  c o n s i s t e n t l y  a s  L  f  s t a y e d  
w i t h  C o w  1. If a  s t r o n g  c r i t e r i o n  to  p r o v e  a m o t h e r - y e a r l i n g  r e l a t i o n ­
s h i p  i s  th e  d e g r e e  to  w h i c h  t h e  y e a r l i n g  s t a y s  w i t h  a c o w ,  t h e n  S /  
w a s  p r o b a b l y  C o w  5 ' s  o f f s p r i n g .
A l e r t - a l a r m  B e h a v i o r  and  H a b i t u a t i o n  
t o  D i s t u r b a n c e
E l k  u s u a l l y  r e a c t e d  t o  an  u n i d e n t i f i e d  s i g h t ,  s o u n d ,  o r  s m e l l  
b y  m o v i n g  at  l e a s t  o n e  s t e p  a w a y  f r o m  th e  d i s t u r b a n c e .  E l k  u s u a l l y  
m o v e d  d i r e c t l y  u p h i l l  w h e n  a l e r t e d .  If t h e  d i s t u r b a n c e  w e r e  t a n g e n -  
t i a l l y  d o w n h i l l  f r o m  t h e  e lk ,  t h e y  w o u l d  a s c e n d  t h e  s l o p e  d i a g o n a l l y  b y  
m o v i n g  u p h i l l  f r o m  th e  d i s t u r b a n c e .  E l k  o r i e n t e d  t h e i r  n o s e s ,  e a r s ,  
and  e y e s  t o w a r d  t h e  c a u s e  of  a  d i s t u r b a n c e .  T h e  n o s e  w a s  l i f t e d  a b o v e  
t h e  h o r i z o n t a l ,  a nd  t h e  n o s t r i l s  w e r e  a l t e r n a t e l y  f l a r e d  and  r e l a x e d ,  
s c e n t - t e s t i n g  the  a i r .  W h e n  a l a r m e d ,  t h e  e l k  u s u a l l y  b u n c h e d  t o g e t h e r ,  
a n d  t h e  c a l v e s  s t a y e d  e s p e c i a l l y  c l o s e  t o  o t h e r  e l k ,  u s u a l l y  t h e i r  
m o t h e r s .  B u n c h i n g  w a s  d i s p l a y e d  on t w o  o c c a s i o n s  e v e n  t h o u g h  th e  
g r o u p s  w e r e  s e p a r a t e d  b y  a f e n c e .
T h e  e l k  r e q u i r e d  p o s i t i v e  i d e n t i f i c a t i o n  o f  c l o s e  h u m a n  
p r e s e n c e  w i t h i n  th e  R a n g e  o r ,  o c c a s i o n a l l y ,  c l o s e  b i s o n  p r e s e n c e ,  
b e f o r e  t h e y  w o u l d  f l e e .  W h i l e  a t t e m p t i n g  to  d e t e r m i n e  the  p r e s e n c e  o f  
n e a r b y  h u m a n s  w i t h i n  t h e  R a n g e ,  w a t c h i n g ,  l i s t e n i n g ,  and  s c e n t - t e s t i n g  
w e r e  o f t e n  a c c o m p a n i e d  b y  w a l k i n g  m o r e  s t i f f l y  th a n  u s u a l ,  e r e c t i n g  
t h e  t a i l ,  l o c o m o t i n g  o r  s t a n d i n g  w i t h  t h e  m o u t h  o p e n ,  a n d  b r i e f  b u r s t s
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of  r u n n in g  o r  t r o t t i n g .  T h e  b u n c h e d  g r o u p  t y p i c a l l y  f o l l o w e d  t h e  l e a d  
of  o n e  o r  t w o  c o w s ,  but  a n y  a n i m a l  o l d e r  th a n  a c a l f  w h o  t o o k  f l i g h t  
w a s  u s u a l l y  f o l l o w e d .  O c c a s i o n a l l y ,  o n e  c o w  w o u ld  l e a v e  th e  b u n c h e d  
g r o u p  a n d  t r o t  a s  f a r  a s  100  m ,  a p p a r e n t l y  s e a r c h i n g  f o r  th e  c a u s e  of  
d i s t u r b a n c e .  T h e  c o w  u s u a l l y  s t a y e d  in  v i e w  of  t h e  r e s t  o f  th e  g r o u p .  
O n c e ,  h o w e v e r ,  w h e n  C o w  1 t r o t t e d  o v e r  t h e  top o f  s e v e r a l  r i d g e s ,  th e  
g r o u p  r a n  a f t e r  h e r  w h e n  s h e  p a s s e d  out  of t h e i r  v i e w .  S m e l l  w i t h o u t  
s i g h t  i d e n t i f i c a t i o n  t e n d e d  to  d i s t u r b  th e  e l k  m o r e  th a n  s i g h t  i d e n t i f i ­
c a t i o n  w i t h o u t  s m e l l ,  p o s s i b l y  b e c a u s e  in  th e  f o r m e r  c i r c u m s t a n c e  t h e  
c l o s e n e s s  o f  th e  d i s t u r b a n c e  c o u l d  n o t  b e  d e t e r m i n e d .
F l e e i n g  e l k  n e v e r  m o v e d  f a s t e r  th a n  a c a n t e r  w h e n  in  g r o u p s .  
E v e n  s m a l l  c a l v e s  w e r e  a b l e  to  k e e p  up w i t h  t h e  r e s t  o f  th e  g r o u p .  T h e  
e a r s  w e r e  u s u a l l y  d i r e c t e d  f o r w a r d  w h i l e  f l e e i n g .  W h e n  c r o s s i n g  o v e r  
a r i d g e ,  e l k  t y p i c a l l y  r a i s e d  t h e i r  h e a d s  h ig h ,  e n a b l i n g  t h e m  t o  s e e  
m o r e  e a s i l y  o v e r  t h e  to p .  D i s t a n c e  o f  f l i g h t  r a n g e d  f r o m  a b o u t  2 50  m  
t o  4 k m .
M o s t  d i s t u r b a n c e s  w e r e  i d e n t i f i e d  q u i c k l y ,  a n d  t h e  e l k  s o o n  
r e s u m e d  u n d i s t u r b e d  a c t i v i t i e s  o r  m o v e d  s l o w l y  f r o m  the  a r e a  of  
d i s t u r b a n c e .  E x a m p l e s  o f  s u c h  d i s t u r b a n c e s  w e r e :  m u l e  d e e r  o r
c o y o t e s  h e a r d  but n o t  i m m e d i a t e l y  s e e n  o r  s m e l l e d ;  y e l l i n g  o r  
w h i s t l i n g  t o u r i s t s ;  c a r  b a c k f i r e s ;  s o n i c  b o o m s ;  h u m a n s  o u t s i d e  o f  t h e  
R a n g e ;  a n d  h u m a n s  i n s i d e  t h e  R a n g e  but n o t  " to o  c l o s e "  ( d e s c r i b e d  
b e l o w )  t o  th e  e lk .  A n  e l k  w a l k i n g  f r o m  a d i s t u r b a n c e  m a y  t u r n  i t s  h e a d
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f r o m  s i d e  to  s i d e ,  o b s e r v i n g  t h e  a r e a  b e h i n d  th e  e l k  w i t h  t h e  
p e r i p h e r a l  v i s i o n  of  o n e  e y e ,  t h e n  t h e  o t h e r .
M i n i m u m  s a f e  v i e w i n g  d i s t a n c e s ,  o n e s  th a t  w o u ld  at m o s t  
m i l d l y  a l e r t  th e  e l k  i f  t h e y  l o c a t e d  u s ,  v a r i e d  f r o m  50 to  4 0 0  m ,  
d e p e n d i n g  on the  s i t u a t i o n ,  p l a c e ,  a nd  t i m e  o f  y e a r .  W e  o f t e n  r i s k e d  
a l a r m i n g  t h e  e l k  b y  w a t c h i n g  t h e m  f r o m  c l o s e r  th a n  s a f e  v i e w i n g  
d i s t a n c e .  T h e  c o n d i t i o n s  th a t  i n f l u e n c e d  t h e  d e g r e e  o f  d i s t u r b a n c e  
d i s p l a y e d  w e r e  c o m p l e x .  S a f e  v i e w i n g  d i s t a n c e s  w e r e  l e s s  in  th e  
n o i s i e r  a r e a s  w i t h  h u m a n  d i s t u r b a n c e ,  s u c h  a s  t h e  s o u t h e a s t  c o r n e r  o f  
L o w e r  So u th  R a n g e ,  th a n  in  q u i e t e r  a r e a s ,  s u c h  a s  t h e  t i m b e r  o f  T r i s k y  
and  E l k  c r e e k s .  T h e  e l k  w e r e  h a b i t u a t e d  t o  v e h i c l e s  on th e  d ir t  r o a d s  
of  t h e  R a n g e ,  and  w e  c o u l d  o b s e r v e  t h e  a n i m a l s  f r o m  o u r  v e h i c l e  at  
50 m  w i t h  l i t t l e  o r  n o  a p p a r e n t  c h a n g e  in  t h e i r  b e h a v i o r .  T h e  d i s t a n c e  
h a d  to  b e  at  l e a s t  d o u b l e d  i f  t h e  o b s e r v a t i o n  v e h i c l e  w e r e  on o n e  of  t h e  
l e s s  t r a v e l l e d  j e e p  r o a d s .  E l k  o f t e n  l i f t e d  th e  n o s e  a nd  f l a r e d  t h e  
n o s t r i l s  in  o u r  d i r e c t i o n ,  a s  i f  t h e y  s m e l l e d  u s  o r  t h e  v e h i c l e ,  but  
w e r e  n o t  a p p a r e n t l y  b o t h e r e d .  T r a v e l  and  o b s e r v a t i o n s  on f o o t  w e r e  
q u i e t e r  and n e c e s s a r y  in  m a n y  a r e a s ,  b u t  t h e  e l k  w e r e  m u c h  m o r e  
a l e r t e d  i f  t h e y  l o c a t e d  u s .  H u m a n s  i d e n t i f i e d  on f o o t  w i t h i n  t h e  R a n g e  
a l w a y s  a l e r t e d  t h e  e l k  to  s o m e  d e g r e e .  H u m a n s  u p s l o p e  o f  e l k  
g e n e r a l l y  a l e r t e d  t h e m  m o r e  th a n  h u m a n s  l e v e l  w i t h  o r  d o w n h i l l  f r o m  
t h e  e l k  d id .  R e s p o n s e  w a s  g r e a t e r  i f  a  f e n c e  b l o c k e d  t h e  r e t r e a t  
r o u t e .  P e o p l e  on f o o t  w e r e  l e s s  d i s t u r b i n g  w h e n  on th e  d i r t  r o a d s
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th a n  w h e n  n o t  on r o a d s .  E l k  r e a c t e d  d i f f e r e n t l y  to  w h a t  a p p e a r e d  to  b e  
v e r y  s i m i l a r  i n s t a n c e s  o f  h u m a n  p r e s e n c e .  E i t h e r  d i f f e r i n g  c o n d i t i o n s  
w e r e  n o t  n o t i c e d  b y  us  o r  th e  m o o d  of  t h e  g r o u p  a n d / o r  i t s  l e a d e r s  
e f f e c t e d  to  w h a t  d e g r e e  t h e y  w e r e  d i s t u r b e d .  D i f f e r e n t  i n d i v i d u a l s  
t e n d e d  t o  b e  m o r e  d i s t u r b e d  th a n  o t h e r s .  C o w s  r e a c t e d  d i f f e r e n t l y  to  
d i s t u r b a n c e s  i m m e d i a t e l y  a f t e r ,  an d  f o r  a f e w  w e e k s  f o l l o w i n g ,  
p a r t u r i t i o n  than  t h e y  d id  d u r i n g  o t h e r  t i m e s  of t h e  y e a r .  W e a t h e r  a l s o  
s e e m e d  t o  i n f l u e n c e  th e  d e g r e e  of a l a r m  b e h a v i o r .  O n w in d y  d a y s ,  
e s p e c i a l l y  w h e n  w in d  d i r e c t i o n  w a s  f l u c t u a t i n g ,  e l k  t e n d e d  to  s h o w  
m o r e  a l e r t i n g  b e h a v i o r  th a n  on c a l m  d a y s .  T h i s  w a s  p r o b a b l y  due  to  
d e c r e a s e d  d i r e c t i o n a l  a b i l i t i e s  o f  s m e l l i n g  and  h e a r i n g  on w i n d y  d a y s .  
S o m e  h a b i t u a t i o n  to  o u r  v e h i c l e  and  t o  us  on fo o t  t o o k  p l a c e ,  
and s a f e  v i e w i n g  d i s t a n c e s  d e c r e a s e d  s l i g h t l y .  C a l v e s  h a b i t u a t e d  to  
h o w l i n g  c o y o t e s .  T o t a l  h a b i t u a t i o n  t o  v e r y  lo u d  s o n i c  b o o m s  a p p a r e n t l y  
t a k e s  at  l e a s t  a f e w  y e a r s .  L o u d  s o n i c  b o o m s  e l i c i t e d  the  m o s t  
r e s p o n s e  f r o m  c a l v e s ,  y e a r l i n g s  s h o w e d  l e s s ,  and c o w s  s e l d o m  
r e s p o n d e d .  A n e x a m p l e  o f  t h i s  d i f f e r e n c e  in  r e s p o n s e  w a s  s e e n  on  
25 J u l y .  A b o o m  c a u s e d  th e  f o u r  b e d d e d  c a l v e s  to  j u m p  and ru n ,  
w h i l e  S / ,  tw o  f e m a l e  y e a r l i n g s ,  and  t w o  c o w s  s t o o d  and l o o k e d  
a r o u n d .  T h e  r e m a i n i n g  f i v e  c o w s  did not  s t a n d .  B r i g h t  l i g h t n i n g  and  
v e r y  lo u d  t h u n d e r  on  16 S e p t e m b e r  c a u s e d  n o  a p p a r e n t  r e a c t i o n  f r o m  
C u r l ,  s e v e n  f e m a l e s ,  Lc/ ,  5 p t ,  C a l f  1, an d  C a l f  5.
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V o c a l l z a t l o n
C a l f  v o c a l i z a t i o n s  w e r e  q u i e t e r  a nd  l e s s  h a r s h  th a n  t h o s e  of  
o l d e r  e lk ,  and h a d  a d i s t i n c t i v e  s q u e a k y  q u a l i t y .  C a l f  1, b e d d e d  w i t h  
h e r  h e a d  up, e m i t t e d  a t  l e a s t  f i v e  c l e a r ,  h ig h  " c a w ' s ,  " a b o u t  o n e  
e v e r y  3 s e c o n d s ,  on  th e  d a y  o f  h e r  e a r t a g g i n g .  S h e  v o i c e d  at l e a s t  
15 lo u d  s q u e a l s  a s  w e  h a n d l e d  h e r ,  a n d  s t o p p e d  s q u e a l i n g  w h e n  w e  
r e l e a s e d  h e r .  C a l f  3 and C a l f  5 b e g a n  s q u e a l i n g  a s  t h e y  s t o o d  to  ru n  
f r o m  u s ,  and  c o n t i n u e d  s q u e a l i n g  u n t i l  w e  r e l e a s e d  t h e m  a f t e r  e a r -  
t a g g i n g .  O n e  n e a r b y  c o w  approached w i t h i n  6 m  of m e  ab o u t  3 m i n u t e s  
a f t e r  C a l f  5 ' s  f i r s t  s q u e a l .  I t a l k e d  and m o v e d  m y  a r m s ,  and s h e  
t r o t t e d  a w a y .  I c o n t i n u e d  w e i g h i n g  a n d  e x a m i n i n g  th e  c a l f .  A b o u t  
2 m i n u t e s  l a t e r .  C o w  5 a p p r o a c h e d  to  w i t h i n  6 m  of  m e  f r o m  th e  s a m e  
d i r e c t i o n  th e  f i r s t  c o w  h a d .  S h e  l e f t  a f t e r  s t a n d i n g  f o r  ab o u t  10 s e c o n d s .  
T h e  t w o  t a g g e d  c a l v e s  w h o  d ie d  s o o n  a f t e r  b i r t h  d id  not  v o c a l i z e  w h e n  
c a p t u r e d  and  t a g g e d .  T h e i r  l a c k  o f  v o c a l i z a t i o n  w a s  p r o b a b l y  r e l a t e d  
m o r e  t o  t h e i r  v e r y  y o u n g  a g e s  w h e n  c a p t u r e d  r a t h e r  th a n  to  t h e i r  h e a l t h .  
C a l f  2 w a s  a p p a r e n t l y  h e a l t h y  w h e n  b o r n .  C a l f  1 and  C a l f  3 v o c a l i z e d  
w h e n  I f l u s h e d  t h e m  f r o m  h i d in g  on  11 and 12 J u n e ,  r e s p e c t i v e l y .
C o w s  u t t e r e d  a " c h e w ! "  c a l l  b e f o r e  n u r s i n g  and c a l v e s  g a v e  
" e a a "  o r  "eau"  c a l l s  b e f o r e  s u c k l i n g -  T w o  c a l v e s  v o i c e d  at l e a s t  f i v e  
v e r y  q u ie t  "eep"  c a l l s  a s  I s a t  w i t h i n  2 0  m  of  t h e m ,  tw o  c o w s ,  and  
f i v e  f e m a l e  y e a r l i n g s  f o r  a b o u t  3 m i n u t e s .  S o f t  " e a u "  c a l l s ,  g i v e n  b y  
C a l f  1 a n d / o r  C a l f  3 a s  t h e y  f o l l o w e d  th e  g r o u p ,  w e r e  a u d i b l e  on t w o
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o c c a s i o n s  f r o m  100  m  a w a y .
L  o ' u t t e r e d  " e a u "  c a l l s  w h e n  h i s  f o r e f e e t  c o n t a c t e d  the  
g r o u n d  w h i l e  h e  r a n  f r o m  a h a r e m  b u l l .  I h e a r d  t h e s e  c a l l s  f r o m  
w i t h i n  50  m  of  L cf on tw o  o c c a s i o n s .
D i s t u r b a n c e s  o f t e n  e l i c i t e d  v o c a l i z a t i o n s  f r o m  e lk .  T w o  
b i s o n  c o w s  and  a c a l f  k e p t  C a l f  5 s e p a r a t e d  f r o m  h e r  m o t h e r  f o r  
a l m o s t  an h o u r .  D u r i n g ,  and  i m m e d i a t e l y  a f t e r  th e  s e p a r a t i o n ,  61 
c a l l s  w e r e  h e a r d  b e t w e e n  C o w  5 a n d  C a l f  5, a n d  17 c a l l s  w e r e  h e a r d  
b e t w e e n  t h e  c o w - c a l f  p a i r  and t h e  15 e l k  on th e  o t h e r  s i d e  of  th e  f e n c e .
I w a s  ab o u t  2 0 0 - 3 0 0  m  f r o m  t h e m  d u r i n g  t h i s  e n c o u n t e r .  T h e  c o w s '  
c a l l s  w e r e  h a r s h e r  an d  a i r i e r  than  th e  c a l v e s ' ,  but b o th  c o u l d  b e  
w r i t t e n  " W e e - a h ! "  C o w  5 ' s  f i r s t  c a l l s  d u r i n g  th e  s e p a r a t i o n  c a u s e d  
th e  15 e lk ,  ab o u t  80 m  a w a y  f r o m  h e r  in  b r u s h ,  t o  r u n  out of t h e  b r u s h  
a n d  l o o k  a r o u n d .
I n d i v i d u a l s  j o i n i n g ,  o r  a t t e m p t i n g  to  j o i n ,  o t h e r  e l k  v o c a l i z e d  
f r e q u e n t l y .  E l k  v o i c e d  1 6 9  c a l l s  d u r i n g  th e  s i x  i n s t a n c e s  of  i n d i v i d u a l s  
v o c a l i z i n g  a s  t h e y  t r i e d  t o  g e t  u n d e r  a f e n c e  o r  t h r o u g h  a g a t e  to  j o i n  
o t h e r  e l k .
A c o w  s a w  m e  s i t t i n g  in  t a l l  g r a s s  160  m  a w a y  f r o m  h e r  on  
2 0  A p r i l .  Sh e  a p p r o a c h e d  to  w i t h i n  1 00  m ,  b a r k e d  10 " c o n k ! "  c a l l s  
in  17 m i n u t e s ,  t u r n e d ,  and  t r o t t e d  a w a y .
O t h e r  e l k  c a l l s  c o u l d  b e  w r i t t e n ,  " Y e e o o w ! ,  " "Hunk, " a  
f l i c k e r - l i k e  (Colaptes a u r a t u s )  " i T c a a r ! , "  and  " w e c o w - w a y o o .  " T h e s e
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w e r e  r a r e l y  h e a r d .
I n t e r s p e c i f i c  B e h a v i o r  
E l k  t e n d e d  to  i n t e r a c t  w i t h  c u r i o s i t y ,  p l a y  o r  a g g r e s s i o n  
t o w a r d  n o n - h u m a n  a n i m a l s  s m a l l e r  th an  t h e m s e l v e s ,  and  t e n d e d  to  
r e a c t  b y  a v o i d a n c e  an d  a l e r t i n g  b e h a v i o r  t o w a r d  h u m a n s  and a n i m a l s  
l a r g e r  th an  t h e m s e l v e s .
M u le  d e e r  f r e q u e n t l y  g r a z e d  and b e d d e d  n e a r  e lk .  D i s t u r ­
b a n c e  b y  e l k  o r  a n y  o t h e r  c a u s e  u s u a l l y  s t i m u l a t e d  d e e r  t o  t a k e  f l i g h t  
w i t h  m o r e  a l e r t i n g  b e h a v i o r  th a n  e l k  d i s p l a y e d .  P r o n g h o r n s  s e e m e d  
m o r e  w a r y  o f  e l k  th a n  d e e r  w e r e ,  and o f t e n  a p p e a r e d  to  a v o i d  e lk .
A f e m a l e  y e a r l i n g  e l k  c h a s e d  a m u l e  d e e r  b u c k ,  a n o t h e r  y e a r l i n g  
c h a s e d  a p r o n g h o r n  b u ck ,  and  a c a l f  a nd  f e m a l e  y e a r l i n g  c h a s e d  a  
pronghorn d o e .  T h e s e  e n c o u n t e r s  s e e m e d  t o  be  in  play.
Y o u n g  e l k  c a l v e s  w e r e  o f  a p p a r e n t  i n t e r e s t  to  a b a n d  of  
p r o n g h o r n  d o e s  and a group o f  m u l e  d e e r  b u c k s .  T h e  d o e s  w a l k e d  
p a s t  C o w  1 and C ow  5 an d  a p p r o a c h e d  w i t h i n  5 m  of h i d in g  C a l f  1, 
w h i l e  l o o k i n g  at th e  6 -  o r  7 - d a y - o l d  c a l f .  T h r e e  m u l e  d e e r  b u c k s  
w a l k e d  t h r o u g h  a group of  10 b e d d e d  e l k  on 2 J u l y ,  C a l f  3 s t o o d  a s  
o n e  b u c k  a p p r o a c h e d  and  e x t e n d e d  i t s  n o s e  t o  w i t h i n  0 .3  m  of  th e  c a l f .  
T h e s e  w e r e  th e  o n l y  i n s t a n c e s  o f  d e e r  o r  p r o n g h o r n  b e i n g  o b v i o u s l y  
i n t e r e s t e d  in  i n d i v i d u a l  e l k .
T h e  e l k - m o u n t a i n  g o a t  e n c o u n t e r  I o b s e r v e d  i n v o l v e d  a c o w
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w i t h  a c a l f  a n d  a n a n n y  w i t h  a k id .  T h e  e l k  s l o w l y  w a l k e d  p a s t  the  
s t a n d i n g  g o a t s  at  10 m  a s  th e  f e m a l e s  w a t c h e d  o n e  a n o t h e r .
B i g h o r n  s h e e p  s h o w e d  n o  p a r t i c u l a r  a v o i d a n c e ,  a t t r a c t i o n ,  
o r  c u r i o s i t y  t o w a r d  e lk ,  and  v i c e  v e r s a . W h i t e - t a i l e d  d e e r  w e r e  
o b s e r v e d  in  t h e  s t u d y  a r e a  o n l y  o n c e ,  and e l k  w e r e  not  in  th e  a r e a  at  
that  t i m e .
E l k  t e n d e d  to  a v o i d  b i s o n  o r  at  l e a s t  b e  a l e r t e d  b y  t h e m .
W h e n  a b i s o n  b u l l  w a l k e d  t h r o u g h  a g r o u p  of  b e d d e d  e lk ,  a l l  12 s t o o d ,  
a f e w  r a n ,  and  tw o  c a l v e s  s u c k l e d ,  A b i s o n  c o w  s t o o d  on t h e  t r a i l  
b e t w e e n  a g r o u p  o f  e l k  and a w a t e r  t r o u g h  and p o n d .  Ed" w a l k e d  
t h r o u g h  th e  b r u s h  in a 6 m  r a d i u s  s e m i - c i r c l e  a r o u n d  h e r ,  and  a 
f e m a l e  y e a r l i n g  f a i l e d  to  p a s s .  On 16 J u l y ,  C o w  5 s t o o d  w h e n  a g r o u p  
of  b i s o n  g r a z e d  n e a r  h e r .  A s  s h e  t r o t t e d  100  m  a w a y  f r o m  h e r  c a l f .  
C a l f  5 ,  a  b i s o n  c a l f  c h a s e d  C o w  5 f o r  a b o u t  15 m .  T w o  b i s o n  c o w s  
a n d  th e  b i s o n  c a l f ,  a p p r o x i m a t e l y  t w i c e  C a l f  5 ' s  s i z e ,  kept  C a l f  5 
s e p a r a t e d  f r o m  C o w  5 f o r  a l m o s t  an  h o u r  b y  t h e i r  p r e s e n c e  and  b y  
r e p e a t e d l y ,  p r o b a b l y  p l a y f u l l y ,  h e r d i n g  C a l f  5.  C o w  5 and C a l f  5 
v o c a l i z e d  w h i l e  f a c i n g  o n e  a n o t h e r  at l e a s t  61 t i m e s  d u r in g  t h i s  i n t e r ­
a c t i o n .
C o y o t e s  w e r e  n u m e r o u s  on  t h e  B i s o n  R a n g e  d u r in g  t h i s  s t u d y .  
I h e a r d  o r  s a w  f r o m  o n e  to  s i x  c o y o t e s  43  t i m e s  w i t h i n  the s t u d y  a r e a  
a n d  s i x  t i m e s  out o f  th e  s t u d y  a r e a  but  w i t h i n  th e  R a n g e  o r  w i t h i n  
h e a r i n g  d i s t a n c e  o f  t h e  R a n g e .  C a l v e s  y o u n g e r  th a n  a b o u t  2 m o n t h s
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t e n d e d  t o  s h o w  m o r e  a l e r t i n g  b e h a v i o r  at  t h e  s i g h t  oi' s o u n d  of  c o y o t e s  
th a n  did o l d e r  e lk .  C o y o t e s  p a s s e d  w i t h i n  4 m  of  e l k .  E l k  t y p i c a l l y  
s t o o d  and  w a t c h e d  t h e  c o y o t e s  a s  t h e y  w e n t  b y ,  a nd  s t o o d  and  b r i e f l y  
l i s t e n e d  to  n e a r b y  h o w l i n g  c o y o t e s .  N o i s e s  f r o m  u n o b s e r v e d  c o y o t e s  
a l e r t e d  t h e  e l k  u n t i l  t h e y  d i s c o v e r e d  th e  c a u s e  of th e  d i s t u r b a n c e .  E l k  
c h a s e d  c o y o t e s ,  but  it w a s  not  c l e a r  w h e t h e r  t h e s e  i n t e r a c t i o n s  w e r e  
m o t i v a t e d  b y  p l a y ,  c u r i o s i t y ,  or a g g r e s s i o n .  In o n e  c a s e ,  c o y o t e  
c h a s i n g  a p p e a r e d  to  b e  m o t i v a t e d  b y  c a l f  p r o t e c t i o n .  On 4 A u g u s t ,  
w h e n  th e  t h r e e  c a l v e s  p r e s e n t  w e r e  f r o m  4 to  6 w e e k s  o ld .  C o w  5 
t r o t t e d  t o w a r d  f o u r  c o y o t e s  th a t  a p p r o a c h e d  to  w i t h i n  50 m  of  the  
g r o u p .  T h e  c o y o t e s  t u r n e d  a w a y  f r o m  th e  e l k ,  an d  s h e  w a l k e d  a f t e r  
t h e m  a s  t h e y  l e f t .  T h e s e  l a r g e  u n g u l a t e s  h a v e  l i t t l e  to  f e a r ,  a f t e r  th e  
f i r s t  c o u p l e  w e e k s  o f  l i f e ,  f r o m  coyotes. T w o  o b s e r v a t i o n s  of a m u l e  
d e e r  d o e  w i t h  a fa w n  n e a r b y  c h a s i n g  a c o y o t e  f o r  at l e a s t  50 a n d  2 0 0  m  
w e r e  s e e n .  A  p r o n g h o r n  d o e ,  n e a r  h e r  r e c e n t l y  k i l l e d  fa w n ,  a l s o  
c h a s e d  a c o y o t e .
B i r d s  f l y i n g  o v e r h e a d  w e r e  o b s e r v e d  b y  t h e  e l k  w i t h  a p p a r e n t l y  
c a s u a l  i n t e r e s t .  B r e w e r ' s  B l a c k b i r d s  (E u p h a g u s  c y a n o c e p h a l u s ) o c c a ­
s i o n a l l y  f o r a g e d  n e a r  th e  e l k .  O n t w o  o c c a s i o n s  i n d i v i d u a l  e l k  
r e p e a t e d l y  f l u s h e d  b l a c k b i r d s  a s  th e  e l k  n o s e d  th e  b i r d s .  T h e  b i r d s  
f l e w  a m e t e r  o r  s o ,  l a n d e d ,  and th e  e l k  a p p r o a c h e d  a g a i n  and  a g a i n .
O n e  y e a r l i n g  t r i e d  t o  s t e p  on  a  b l a c k b i r d  w i t h  h e r  f o r e f o o t .  T h e s e  
b i r d s  w e r e  u s u a l l y  p e r m i t t e d  t o  la n d  and w a l k  on t h e  b a c k s  a nd  h e a d s
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of  th e  e lk ;  e l k  o c c a s i o n a l l y  s h o o k  t h e i r  h e a d s  to  m a k e  th e  b i r d s  f l y .
A  g r o u p  of 12 e l k  w a t c h e d  a p o r c u p i n e  (E r e t h i z o n  d o r s a t u m ) 
f o r  6|- m i n u t e s  a s  it  w a l k e d  out  of s o m e  b r u s h ,  u n d e r  a f e n c e ,  and  
t h e n ,  p r e s u m a b l y ,  out  o f  t h e i r  v i e w .
F e n c e  B e h a v i o r  
T h e  N a t i o n a l  B i s o n  R a n g e  w a s  b o u n d e d  b y  a 2 . 2 - 2 . 8  m  t a l l  
f e n c e ,  and w a s  d i v i d e d  in t o  e i g h t  b i s o n  r o t a t i o n  r a n g e s  b y  1.2 m  t a l l  
f e n c e s  r a i s e d  ab o u t  45 c m  a b o v e  th e  g r o u n d  ( F i g ,  1).  T h e  b o t t o m  
w i r e s  o f  th e  i n t e r i o r  f e n c e s  w e r e  r a i s e d  a s  h i g h  a s  a b o u t  0 ,9  m  
a b o v e  th e  g r o u n d  in  a f e w  p l a c e s  b e t w e e n  L o w e r  S o u th  and U p p e r  
South  r a n g e s ,  w h i c h  a l l o w e d  a l l  u n g u l a t e s  e x c e p t  b i s o n  o l d e r  th a n  
a b ou t  6 m o n t h s  and a n t l e r e d  b u l l  e l k  t o  p a s s  u n d e r  t h e  f e n c e s .
T h e  h o m e  r a n g e  of  G r o u p  1 e l k .  U p p e r  So u th  and  t , o w e r  
S o u th  r a n g e s ,  w a s  b i s e c t e d  b y  a f e n c e  w i t h  n i n e  g a t e s .  T h e s e  g a t e s  
w e r e  c l o s e d  f r o m  1 J u l y  to  m i d - O c t o b e r ,  B i s o n  i n h a b i t e d  U p p e r  
South  R a n g e  f r o m  1 J u l y  to  2 8 S e p t e m b e r .  In m i d - O c t o b e r ,  M r .  
H a d e r l i e  g r a n t e d  m e  p e r m i s s i o n  t o  o p e n  th e  g a t e s  b e t w e e n  U p p e r  
Sou th  and  L o w e r  Sou th  r a n g e s ;  I o p e n e d  t h r e e  g a t e s .
E l k  c r a w l e d  u n d e r  f e n c e s  in  o n l y  f i v e  l o c a t i o n s .  T h e  h e i g h t s  
o f  t h e  l o w e s t  w i r e  of th e  f e n c e  w e r e  4 8 ,  5 3 ,  6 5 ,  9 1 ,  and  94 c m  f r o m  
t h e  g r o u n d  in  t h e s e  p a s s a g e w a y s .  S o m e  i n d i v i d u a l s  c r a w l e d  u n d e r  
f e n c e s  w i t h  no  a p p a r e n t  p r o b l e m s .  C a l v e s  and  f e m a l e  y e a r l i n g s
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u s u a l l y  c r a w l e d  u n d e r  e a s i l y .  A f e m a l e  y e a r l i n g ,  h o w e v e r ,  a t t e m p t e d  
to  p a s s  u n d e r  a f e n c e  on  24  J u l y  an d  14 O c t o b e r ,  but b a c k e d  out a g a i n .  
H e r  s h o u l d e r s  w e r e  u n d e r  th e  f e n c e  in  o n e  c a s e  b e f o r e  s h e  r e t r e a t e d .  
S o m e  r e p e a t e d  a t t e m p t s  w e r e  s u c c e s s f u l .  A f e m a l e  y e a r l i n g  w a s  the  
l a s t  o f  a  g r o u p  of  s i x  e l k  t o  p a s s  u n d e r  a  f e n c e  on 5 J u l y .  F o r  5 
m i n u t e s  15 s e c o n d s  s h e  r a n ,  t r o t t e d ,  w a l k e d ,  l o o k e d  o v e r ,  u n d e r ,  and  
t h r o u g h  th e  f e n c e ,  and  p e r f o r m e d  s p i n s  and b u c k s  b e f o r e  s h e  p a s s e d  
u n d e r  i t .  T h e r e  w a s  no  i n d i c a t i o n  that  c o w s ,  c a l v e s ,  f e m a l e  y e a r l i n g s ,  
o r  s p i k e s  e v e r  j u m p e d  f e n c e s ,  p r o b a b l y  b e c a u s e  t h e y  c o u l d  e x e c u t e  th e  
a p p a r e n t l y  l e s s  r i s k y  c r a w l i n g .  I n j u r i e s  o r  d e a t h  c o u l d  r e s u l t  f r o m  
a n i m a l s  a t t e m p t i n g  t o  j u m p  o v e r  f e n c e s .  W e  fou n d  a d e a d  b i g h o r n  r a m  
h a n g i n g  f r o m  a f e n c e  b y  h i s  h i n d l e g s ,  and w e  u n t a n g l e d  the  r ig h t  r e a r  
l e g  o f  a y e a r l i n g  f e m a l e  b i g h o r n  f r o m  th e  u p p e r  t w o  w i r e s  of  a  f e n c e .
C o w s  v a r i e d  in  t h e i r  a b i l i t y  to  c r a w l  u n d e r  f e n c e s .  C o w  1 
u s e d  a p a s s a g e w a y  o n l y  o n c e ,  a l t h o u g h  m o s t  e l k  f r e q u e n t l y  u s e d  t h e m .  
T h i s  w a s  th e  o n ly  t i m e  s h e  w a s  o b s e r v e d  in  U p p e r  Sou th  R a n g e  w h i l e  
t h e  g a t e s  w e r e  c l o s e d .  C o w  1 t r o t t e d  p a r a l l e l  to  th e  f e n c e  w i t h  h e r  
m o u t h  o p e n  and  h e r  t o n g u e  h a n g i n g  l i m p l y  t h r o u g h  t h e  d l a s t e m e  on o n e  
s i d e  on a n o t h e r  o c c a s i o n  a f t e r  s e v e n  e l k  p a s s e d  u n d e r  a f e n c e ,  but  did  
no t  f o l l o w  t h e m .
T h e  s p i k e s '  a n t l e r s  m a d e  it d i f f i c u l t  and  s o m e t i m e s  i m p o s s i b l e  
f o r  t h e m  to  c r a w l  u n d e r  f e n c e s .  B u l l s  w e r e  n o t  o b s e r v e d  a t t e m p t i n g  to  
c r a w l  u n d e r  a f e n c e .  M a n y  of  th e  b u l l s  in  U fjp er  S o u th  R a n g e ,  and  a l l
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o f  t h e  b u l l s  in  L o w e r  S o u th  R a n g e ,  m u s t  h a v e  junnped f e n c e s .  B u l l s  
w e r e  u s u a l l y  v e r y  h e s i t a n t  to  j u m p  o v e r  f e n c e s  ( s e e  b e l o w ) .  S h o r t S t h ,  
h o w e v e r ,  t r o t t e d  to  a f e n c e  l i n e ,  p a u s e d  f o r  a b o u t  4 s e c o n d s ,  and  
j u m p e d  o v e r  i t .  T h i s  l o c a t i o n  had  b e e n  u s e d  a s  a j u m p - o v e r  p o in t .
T h e  top  w i r e s  w e r e  p u s h e d  d ow n  an d  th e  f e n c e  top w a s  o n l y  1 .3  m  
a b o v e  th e  g r o u n d .
F e n c e s  t h w a r t e d  m a n y  a t t e m p t s  b y  i n d i v i d u a l s  o r  g r o u p s  to  
g e t  to  w a t e r ,  j o i n  o t h e r  e l k ,  l e a v e  an  a r e a  d u r in g  a d i s t u r b a n c e ,  and  
i n t e r a c t  w i t h  o t h e r  e l k  d u r i n g  th e  r u t .  E x a m p l e s  of  t h e s e  a c t i v i t i e s  
f o l l o w .
T w e l v e  e l k  c o u l d  not  c o m p l e t e  t h e i r  a p p a r e n t  t r ip  to  the  
w a t e r  t r o u g h  n o r t h  o f  L o w e r  Sou th  R a n g e  on  16 S e p t e m b e r  due  to  t h e  
c l o s i n g  of  t h e  g a t e  on th e  p r e c e d i n g  d a y .
I n d i v i d u a l s  s e p a r a t e d  f r o m  t h e  r e s t  of  t h e  h e r d  s o m e t i m e s  
s p e n t  h o u r s  p e r f o r m i n g  p a c e s  a l o n g  h u n d r e d s  o f  m e t e r s  of  f e n c e - l i n e  
b e t w e e n  t h e m .  C ow  5 an d  C a l f  5 w e r e  s e p a r a t e d  f r o m  th e  o t h e r  e l k  
f o r  a b o u t  2 w e e k s  in  Ju ly ;  C a l f  5 f r e q u e n t l y  p e r f o r m e d  p a c e s  d u r i n g  
t h i s  t i m e .
E l k  on d i f f e r e n t  s i d e s  of  a  f e n c e  o f t e n  m o v e d ,  g r a z e d ,  
b e d d e d ,  and a l e r t e d  t o g e t h e r .
P r e f e r e n c e  f o r  U p p e r  S o u th  o r  L o w e r  S o u th  r a n g e s  w a s  s h o w n  
b y  c e r t a i n  i n d i v i d u a l s .  C o w  1, C a l f  1, and  Ld" w e r e  a l m o s t  a l w a y s  in  
L o w e r  South; C o w  5, C a l f  5,  and  S J w e r e  u s u a l l y  in  U p p e r  So u th
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R a n g e  a f t e r  1 J u l y  ( the  g a t e - c l o s i n g  d a y ) .
N o s e s  a n d  n o s e  -  t o - n o s e s  u s u a l l y  a c c o m p a n i e d  the  j o i n i n g  of  
t w o  g r o u p s  w i t h  a f e n c e  b e t w e e n  t h e m .
E l k  w h o  c r o s s e d  u n d e r  a f e n c e  u s u a l l y  b e h a v e d  n o r m a l l y .
T h e  e l k  l e f t  b e h i n d  ty jD ica l ly  t r i e d  to  j o i n  th e  o n e s  w h o  l e f t  t h e m .
W h e n  d i s t u r b e d  o r  f l e e i n g  e l k  e n c o u n t e r e d  a f e n c e ,  at  l e a s t  
o n e  o f  th e  f o l l o w i n g  o c c u r r e n c e s  t o o k  p l a c e :  o n e  o r  m o r e  e l k  c r o s s e d
u n d e r  a  f e n c e ;  t h e  i n t e n s i t y  o f  d i s t u r b e d  b e h a v i o r  a p p a r e n t l y  i n c r e a s e d ;  
t h e  t i m e  r e q u i r e d  b e f o r e  c e s s a t i o n  o f  d i s t u r b e d  b e h a v i o r  p r o b a b l y  
l e n g t h e n e d .
S m a l l e r  b u l l s  p o s s e s s e d  h a r e m s  w h e n  l a r g e r  b u l l s  w e r e  
u n a b l e  to  c r o s s  a  f e n c e .  T h e  U p p e r  S o u t h - L o w e r  So u th  f e n c e - l i n e  
p o s t p o n e d  i n t e r a c t i o n s  b e t w e e n  B r u t e  an d  R i d g e ,  s e v e r e l y  r e d u c e d  
c o n t e s t i n g  b e t w e e n  B r u t e  and  O ut ,  B r u t e  and  C u r l ,  an d  T R i g h t  and  
D r o p 6 t h ,  and  a l m o s t  e l i m i n a t e d  the  h e r d i n g  a b i l i t y  o f  t h e s e  b u l l s  w h e n  
c o w s  w e r e  on the  o p p o s i t e  s i d e  of  a f e n c e .  D e s c r i p t i o n s  of  t h e s e  
i n t e r a c t i o n s  f o l l o w .
S e v e n  of th e  11 e l k  p r e s e n t  w i t h  B r u t e  in  L o w e r  S o u th  R a n g e  
c r o s s e d  u n d e r  a f e n c e  at 0 7 3 0  on  12 S e p t e m b e r - .  B r u t e  b u g l e d  at  th e  
s e v e n ,  and  m o v e d  p a r a l l e l  to  t h e m  f o r  a b o u t  3 0 0  m .  T h e r e  h e  
c o n t i n u e d  b u g l i n g  u n t i l  082 5; h e  t h e n  f o l l o w e d  C o w  1 and  C a l f  1 a w a y  
f r o m  th e  o t h e r s .  5pt and L d" a l s o  r e m a i n e d  in  L o w e r  Sou th  R a n g e .
B y  0 9 4 5 ,  R i d g e  w a s  w i t h  th e  h a r e m .  R i d g e  w a s  c l e a r l y  a s m a l l e r  b u l l
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th a n  B r u t e ,  and w h e n  B r u t e  a p p r o a c h e d  th e  h a r e m  at 1 8 5 1 ,  a f t e r  p r e ­
s u m a b l y  j u m p i n g  a f e n c e .  R i d g e  r a n  a w a y .
A (5, 6) b u l l ,  n a m e d  O ut ,  j u m p e d  o v e r  t h e  b o u n d a r y  f e n c e  on  
2 6 F e b r u a r y .  F r o m  31 A u g u s t  to  14 S e p t e m b e r ,  O ut  w a s  f r e q u e n t l y  
p r e s e n t  a l o n g  the  e a s t  b o u n d a r y  f e n c e  l i n e  of  B o w e r  South  R a n g e  w h i l e  
a b u l l  an d  a h a r e m  w e r e  i n s i d e  the  r e f u g e .  Out p e r f o r m e d  an a n t l e r -  
t h r a s h  w h i l e  u r i n a t i n g ,  a  " s p a r "  w i t h  5pt ,  a t t e m p t e d  a " s p a r "  w i t h  
B r u t e ,  p e r f o r m e d  a  n o s e  - t o - n o s e  w i t h  C o w  1, C a l f  1, Bo' , and  B r u t e ,  
and  r e c e i v e d  a c h a s e  b y  C u r l .
In t h r o u g h - t h e - f e n c e  e n c o u n t e r s  b e t w e e n  B r u t e  and C u r l  a nd  
b e t w e e n  T R ig h t  and D r o p S t h ,  th e  l a r g e r  b u l l s  ( B r u t e ,  T R i g h t )  w e r e  
t h e  a g g r e s s o r s .  T h e y  p e r f o r m e d  p a c e s  and  b u g l e d  a l o n g  th e  f e n c e  
l i n e  a s  th e  s m a l l e r  b u l l s  b u g l e d  o r  t e n d e d  t h e i r  o w n  h a r e m s .  D r o p S t h  
w a s  a p p a r e n t l y  f o r c e d  in t o  a c o n f r o n t a t i o n  a t  1 9 3 0  on 13 O c t o b e r .
C o w  1 and C a l f  1 r a n  100  m  f r o m  t h e i r  h a r e m  b u l l ,  D r o p S t h ,  and  
" j o in e d "  w i t h  T R i g h t ' s  h a r e m ,  w h o  w e r e  on  th e  o t h e r  s i d e  of  th e  f e n c e  
in  U p p e r  Sou th  R a n g e .  D r o p S t h  f o l l o w e d  u n t i l  he  w a s  abo u t  20  m  f r o m  
T R i g h t ,  and th e n  s t o p p e d .  T R i g h t  t r o t t e d  10 m  t o w a r d  D r o p S t h  and  
p e r f o r m e d  an a n t l e r - d i s p l a y  a s  h e  s t o p p e d  at th e  f e n c e .  D r o p S t h  
t r o t t e d  a w a y ,  l e a v i n g  C o w  1 and  C a l f  1 to  T R i g h t .
B y  0 9 2 0  t h e  f o l l o w i n g  m o r n i n g ,  T R i g h t  a n d  D r o p S t h  h a d  
s w i t c h e d  f e n c e  s i d e s ,  p o s s e s s e d  d i f f e r e n t  c o m b i n a t i o n s  of  c o w s  
and c a l v e s ,  and  w e r e  a b o u t  2 .5  k m  w e s t  of  t h e i r  p r e v i o u s
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l o c a t i o n s .  T h i s  w a s  th e  m o s t  s h i f t i n g  o f  i n d i v i d u a l s  b e t w e e n  f e n c e  
s i d e s  o b s e r v e d  d u r i n g  t h e  r u t .  T R i g h t  b u g l e d  at D r o p 6 t h  a n d / o r  t h e  
c o w s  in  U p p e r  S o u th  R a n g e ,  C o w  4 and  C a l f  4 c r a w l e d  u n d e r  th e  f e n c e  
i n t o  U p p e r  South  R a n g e ,  and a f e m a l e  y e a r l i n g  u n s u c c e s s f u l l y  t r i e d  to  
c r o s s  u n d e r  t h e  f e n c e .  I o p e n e d  t h e  g a t e s  in  t h e  a r e a  at 1 8 3 0 .  B y  
0 8 1 5  th e  n e x t  m o r n i n g ,  T R i g h t  w a s  in  p o s s e s s i o n  of  b o th  g r o u p s ,  a nd  
D r o p S t h  w a s  not  s e e n .
W e a t h e r  E f f e c t s  
W in d  s p e e d  and  d i r e c t i o n  o f t e n  a p p e a r e d  to  d e t e r m i n e  w h e r e  
th e  e l k  b e d d e d .  If t h e r e  w e r e  a s t r o n g  w e s t  w i n d ,  t h e  e lk  u s u a l l y  
b e d d e d  on an e a s t - f a c i n g  s l o p e .  W e  u s e d  th e  k n o w l e d g e  of  t h i s  
t e n d e n c y  t o  o u r  a d v a n t a g e  w h e n  t r y i n g  to  l o c a t e  th e  e l k  on f o o t  in  w i n d y  
w e a t h e r .  W a l k i n g  in t o  th e  w i n d ,  w e  had  a  g o o d  c h a n c e  of  f i n d i n g  th e  
e l k  l y i n g  o r  f e e d i n g  w i t h i n  s a f e  v i e w i n g  d i s t a n c e  on  a h i l l  f a c i n g  u s .  
D u r i n g  w i n d y  w e a t h e r ,  e s p e c i a l l y  i f  wind d i r e c t i o n  f l u c t u a t e d ,  t h e  e l k  
w e r e  m o r e  apt  to  b e  a l e r t ,  and  w e r e  a l a r m e d  e a s i e r  th a n  d u r i n g  c a l m  
d a y s .  T h i s  c h a n g e  in  a l e r t i n g  b e h a v i o r  c o r r e l a t e d  w i t h  t h e i r  r e d u c e d  
d i r e c t i o n a l  a b i l i t i e s  of  s m e l l i n g  and h e a r i n g .  T h e  t e n d e n c y  to ru n  and  
p l a y  in  w i n d y  w e a t h e r  m a y  b e  a c o n s e q u e n c e  o f  t h e i r  i n c r e a s e d  a l e r t ­
n e s s .
R a i n  a f f e c t e d  e l k  b e h a v i o r  v e r y  l i t t l e ,  o t h e r  than  p r o m p t i n g  
m a n y  i n d i v i d u a l s  to  groom.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
E l k  o f t e n  r e m a i n e d  in  th e  s h a d e  and  a v o i d e d  t h e  h o t  s u m m e r  
s u n .  T h e y  m o v e d  to  o n e  o f  a  f e w  p o n d s  a n d  w a d e d  a n d  s p l a s h e d  in  th e  
w a t e r  a s  f r e q u e n t l y  a s  o n c e  a d a y  d u r i n g  th e  s u m m e r .  B o t h  f r o n t  and  
r e a r  f e e t  w e r e  u s e d  to  s t a m p  t h e  w a t e r  s u r f a c e  t o  s p l a s h  t h e m s e l v e s .  
T h e y  s e e m e d  to  p r e f e r  to  d r i n k  f r o m  th e  w a t e r  t r o u g h s ,  r a t h e r  th a n  
th e  d u c k w e e d - c o v e r e d  p o n d s ,  but  d r a n k  f r o m  s u c h  p o n d s  a f t e r  k i c k i n g  
a w a y  th e  d u c k w e e d .
P l a y  B e h a v i o r
B o u n c e s ,  b u c k s ,  s p i n s ,  j u m p - u p s ,  and  h e a d - s h a k e s  d i f f e r ­
e n t i a t e d  p l a y  b o u t s  f r o m  o t h e r  a c t i v i t i e s .  P l a y  b e h a v i o r  a l s o  i n c l u d e d  
c h a s e s ,  m o u n t s ,  n o s e - t o - n o s e s ,  n o s e s ,  a g g r e s s i v e  a c t s ,  a n d  r u n s  o r  
t r o t s  a l o n e  o r  in  g r o u p s .
T h e  y o u n g e r  th e  a g e  g r o u p ,  a f t e r  ab o u t  2 m o n t h s  o f  a g e ,  th e  
g r e a t e r  th e  t e n d e n c y  t o  p l a y .  T h e  c a l v e s  d i s p l a y e d  a l m o s t  h a l f  of  a l l  
p l a y  p e r f o r m a n c e s  (43.0%; 34 o f  79)  w h i l e  c o m p r i s i n g  l e s s  than  o n e -  
f o u r t h  o f  th e  p o p u l a t i o n .  C a l v e s  w e r e  t h e  o n l y  e l k  to  d i s p l a y  l o n g  
i n d i v i d u a l  b o u t s  of  p l a y .  R u n n in g  a r o u n d  th e  o t h e r  e l k  f o r  a s  l o n g  a s  
9 m i n u t e s  and  t h r o w i n g  u p w a r d  an u p r o o t e d  p la n t  w i t h  the m o u t h  w e r e  
t w o  of th e  b e h a v i o r s  in  t h e s e  i n d i v i d u a l  b o u t s  o f  p l a y .  T h e r e  s e e m e d  
to  b e  n o  d i f f e r e n c e  b e t w e e n  t h e  m a l e  and  f e m a l e  y e a r l i n g s  in p l a y  
b e h a v i o r ,  o t h e r  th an  t h e  p o s s i b l e  i n c r e a s e d  t e n d e n c y  f o r  Ecf  to  
d i s p l a y  a g g r e s s i v e l y .  C o w s  p l a y e d  i n f r e q u e n t l y  (6.3%; 5 o f  7 9 ) ,  and
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b u l l s  n e v e r  p l a y e d .
M o v in g  d o w n h i l l ,  j o i n i n g  a n o t h e r  g r o u p  o f  e l k ,  and  b e i n g  in  
o r  n e a r  w a t e r  s e e m e d ,  in  m a n y  c a s e s ,  to  m o t i v a t e  e l k  to  p e r f o r m  
b o u n c e s ,  b u c k s ,  s p i n s ,  e t c .
A g g r e s s i v e  a c t s  w e r e  i n c l u d e d  in  1 6 .4  p e r c e n t  (13 of  79)  of  
th e  o b s e r v e d  b o u t s  of  p l a y ,  t o t a l l i n g  10 h e a d - h i g h s ,  s e v e n  f o r e f o o t  
k i c k s ,  f o u r  b i t e s ,  t h r e e  f l a i l s ,  t h r e e  a n t l e r  d i s p l a y s ,  and t h r e e  
a t t e m p t s  to  s p a r .  N o  s i g n i f i c a n t  d i f f e r e n c e  in  u s e  o f  a g g r e s s i v e  
d i s p l a y s  t o o k  p l a c e  w h e n  c o m p a r i n g  a g g r e s s i v e  e n c o u n t e r s  w h i c h  did  
and d id  not  i n c l u d e  p l a y  (p >  0 . 7 5 ,  = 3 , 0 4 ,  4 df) .  A g g r e s s i v e  a c t s
w e r e  e x h i b i t e d  b e t w e e n  p l a y i n g  i n d i v i d u a l s ,  f r o m  p l a y e r s  t o  n o n ­
p l a y e r s ,  and  v i c e  v e r s a .
U r i n a t i o n  and  D e f e c a t i o n  
E l k  d e f e c a t e d  and  u r i n a t e d  w h i l e  s t a n d i n g  o r  w a l k i n g .  
D i s t u r b a n c e s  t e n d e d  t o  s t i m u l a t e  u r i n a t i o n  a n d ,  t o  a l e s s e r  d e g r e e ,  
d e f e c a t i o n .  T w o  d e f i n i t e  a nd  o n e  p o s s i b l e  o c c u r r e n c e s  of u r i n a t i o n  
p o s t u r e s  w e r e  o b s e r v e d .  O n  28  J u l y ,  t w o  f e m a l e  y e a r l i n g s  u r i n a t e d  
a s  t h e i r  r e a r  f e e t  c o n t a c t e d  th e  g r o u n d  d i r e c t l y  b e l o w  th e  p o s t e r i o r  
p o r t i o n  o f  t h e i r  r u m p s .  T h e i r  r u m p s  w e r e  l o w e r e d  s o  the  a n g l e  
f o r m e d  f r o m  b a c k l i n e  to  g r o u n d ,  r e l a t i v e  to  a n  i m a g i n a r y  l i n e  f r o m  
th e  w i t h e r s  b a c k w a r d  p a r a l l e l  to  t h e  g r o u n d ,  w a s  - 1 5 °  to  - 2 5 ° .
C a l f  1 s t o o d  f o r  45 s e c o n d s  o n  24  J u n e  w i t h  h e r  h o c k s  f l e x e d ,  b a c k
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h u m p e d ,  r u m p  l o w e r e d ,  and  n o s e  l o w e r e d  s o  th a t  i t  a l m o s t  t o u c h e d  
t h e  g r o u n d .  C a l f  1 w a s  a t  l e a s t  3 0 0  m  f r o m  u s  a s  s h e  d id  t h i s ,  s o  
w e  c o u l d  n o t  d e t e r m i n e  w h e t h e r  o r  not  s h e  w a s  u r i n a t i n g .  If s h e  w e r e  
s t r e t c h i n g ,  it w a s  t h e  o n l y  s u c h  s t r e t c h  o b s e r v e d .
B e h a v i o r  o f  an  O ld  C o w  
C o w  2 w a s  p r o b a b l y  o n e  o f  t h e  t h r e e  c o w s  b r o u g h t  to  th e  
L o w e r  Sou th  R a n g e  on 2 M a y  1 9 7 2 .  T h e s e  c o w s  c a m e  f r o m  th e  
d i s p l a y  p a s t u r e  n e a r  r e f u g e  h e a d q u a r t e r s ,  and w e r e  h a b i t u a t e d  to  
h u m a n s .  C o w  2 w a s  t h e  m o s t  t a m e  i n d i v i d u a l  of  t h e  G ro u p  1 e lk .  
G r o u p  1 e lk  p r o b a b l y  d e s c e n d e d  f r o m  t h e s e  t h r e e  c o w s .
E v i d e n c e  o f  C o w  2 ' s  p o o r  p h y s i c a l  c o n d i t i o n  i n c l u d e d  s t i f f  
w a l k i n g ,  e r r a t i c  s t r a i g h t e n i n g  o f  h e r  r e a r  l e g s  w h i l e  w a l k i n g ,  
s t u m b l i n g ,  and  p o o r  h e a r i n g  a nd  s e e i n g  a b i l i t i e s .  T h e  f i r s t  t h r e e  
s y m p t o m s  a p p e a r e d  to  w o r s e n  f r o m  th e  b e g i n n i n g  of  th e  f i e l d  s e a s o n  
t h r o u g h  4 A u g u s t .  S h e  c o u l d  b e  a p p r o a c h e d  r a t h e r  e a s i l y  to  w i t h i n  
25 m  f r o m  b e h i n d  a n d  d o w n w in d .  H e r  a p p a r e n t l y  h e a l t h y  c a l f ,  b o r n  
2 J u n e ,  d i e d  of s t a r v a t i o n  8 d a y s  l a t e r .  C o w  2 c o n t r a c t e d  m a n g e  b y  
t h e  end  o f  J u l y .  C o w  2 s p e n t  f r o m  a f e w  h o u r s  to  a w e e k  a l o n e  on  
s e v e r a l  o c c a s i o n s .  N o  o t h e r  i n d i v i d u a l ,  o t h e r  th a n  c a l v i n g  c o w s  and  
s p i k e s  d u r i n g  th e  r u t ,  w e r e  e v e r  m o r e  th an  a f e w  h u n d r e d  m e t e r s  
f r o m  a n o t h e r  e lk .
C o w  2 s o m e t i m e s  l e d  t h e  g r o u p  g r a z i n g  and  w a l k i n g .  O n
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22 J u l y ,  t h e  o t h e r  14 e l k  w i t h  h e r  s t o o d  and f o l l o w e d  h e r  a s  s h e  
g r a z e d  a w a y  f r o m  t h e m .
C o w  2 ' s  a g g r e s s i v e  b e h a v i o r  s e e m e d  t o  c o r r e s p o n d  l e s s  w i t h  
t h e  a c t i o n s  and  c l o s e n e s s  of  o t h e r s  th a n  d id  th e  a g g r e s s i v e  a c t s  of  
o t h e r  e lk ,  a s  if  h e r  p h y s i c a l  p r o b l e m s  p r o m p t e d  h e r  to a c t  a g g r e s ­
s i v e l y .  C o w  1 w a s  t h e  o n l y  i n d i v i d u a l  t o  w i n  an  a g g r e s s i v e  e n c o u n t e r  
w i t h  C o w  2 .
B e c a u s e  o f  C o w  2 ' s  w o r s e n i n g  p h y s i c a l  p r o b l e m s ,  t e n d e n c y  
t o  b e  a l o n e ,  and th e  p r o b a b i l i t y  tha t  i f  s h e  c a l v e d  in  1978  th a t  c a l f  
w o u l d  a l s o  s t a r v e ,  s h e  w a s  s h o t  on  4 A u g u s t  a s  p a r t  of  the  r e g u l a r  
r e d u c t i o n  p r o g r a m  o f  th e  r e f u g e .  H e r  l o w e r  j a w  i n d i c a t e d  that  s h e  
w a s  1 6 - 1 8  y e a r s  o ld .  C a r t i l a g i n o u s  " m i c e , ” ab o u t  1 - 1 ^  c m  ( 3 / 8 -  
Y in c h )  in  d i a m e t e r  w e r e  l o d g e d  in  b o t h  k n e e s ;  s u c h  " m i c e ” in  h u m a n s  
c a u s e  e x t r e m e  p a in .  E x a m i n a t i o n s  o f  s c r a p i n g s  p o s i t i v e l y  i d e n t i f i e d  
t h e  m i t e s  of  s a r c o p t i c  m a n g e  th a t  c o v e r e d  h e r  s i d e s  and  r e a r  l e g s  
( O 'G a r a  p e r s .  c o m m .  ).
C a l v i n g  and  C o w - c a l f  B e h a v i o r  
H a b i ta t  P r e F e r e n c e  D u r i n g  C a l v i n g
S e v e n  c o w s  w e r e  p r e s e n t  d u r i n g  c a l v i n g .  F i v e  o f  th e  s i x  
k n o w n  c a l v e s  w e r e  l o c a t e d  w h e n  y o u n g  e n o u g h  f o r  u s  to  c a p t u r e  and  
e a r t a g  t h e m .  I f i r s t  s a w  t h e  o t h e r  c a l f .  C a l f  4 ,  on  8 J u n e .  H e  and  
e i g h t  o t h e r  e l k  b e g a n  r u n n i n g  f r o m  m e  w h e n  100  m  a w a y ,  and e a s i l y
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e l u d e d  m e  in  th e  t i m b e r  o f  l o w e r  E l k  C r e e k .  T h e  s i x  c a l v e s  w e r e  
b o r n  w i t h i n  a 2 2 -  o r  2 3 - d a y  p e r i o d  ( T a b l e  2 ) .
T a b l e  2 .  T h e  197 7 G r o u p  1 e l k  c a l v e s ,  d a t e s  of  b i r t h ,  
d a t e s  e a r t a g g e d ,  and d a t e s  o f  d e a t h .
Calf D a t e  o f  b i r t h
D a t e
e a r t a g g e d
D a t e  of  
d e a t h
C a l f  1 2 4 - 2 5  M a y 2 6 M a y --- —
Calf 2 1 J u n e 2 J u n e 10 J u n e
Calf 3 29-31 May 5 J u n e ------ -
C a l f  4 1 J u n e  o r  b e f o r e ------ — — —
C a l f  5 7 - 9  J u n e 11 J u n e —---
C a l f  6 15 J u n e 15 J u n e 17 J u n e
EJk w e r e  o f t e n  fo u n d  in  o r  w i t h i n  2 0 0  m  o f  c o n i f e r o u s  t i m b e r  
d u r in g  t h e  2 6 - d a y  p e r i o d  of 27  M a y  to  21 J u n e  ( F i g .  2 ) .  T h i s  p e r i o d  
c o r r e s p o n d s  w i t h  th e  d a t e s  o f  c a l v i n g .  E l k  w e r e  u s u a l l y  in  m o r e  o p e n  
h a b i t a t s  d u r in g  th e  45 d a y s  b e f o r e  c a l v i n g  an d  d u r i n g  th e  70 d a y s  
b e t w e e n  t h e  end of  c a l v i n g  and  th e  b e g i n n i n g  o f  th e  r u t .
C a l f  1 w a s  b o r n  e a r l i e r ,  on  2 4  o r  25  M a y .  W e  l o c a t e d  and  
t a g g e d  h e r  on 26 M a y  in  o n e  o f  th e  f e w  a r e a s  o f  b r u s h  in  t h e  e a s t e r n  
h a l f  of  L o w e r  South  R a n g e .  T h i s  s m a l l  (20 X  80  m )  but d e n s e  s t a n d  of  
m i x e d  d e c i d u o u s  g r o w t h ,  w i t h  i t s  o w n  s p r i n g ,  o f t e n  c o n c e a l e d  a s  m a n y  
a s  10 e l k  f r o m  o u r  v i e w .  S u c h  a  d r a w  p r o v i d e s  a d e q u a t e  c o v e r  f o r  a 
c a l v i n g  c o w .
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F i g .  2 .  P e r c e n t a g e  of o b s e r v a t i o n s  of  e l k  in g r a s s l a n d  o r  d e c id u o u s  
b r u s h  ( c l e a r  a r e a s )  and in o r  w i t h in  2 0 0  m  of  c o n i f e r o u s  
t i m b e r  (dotted  a r e a s )  b y  4 - w e e k  p e r i o d s .  F i r s t  c a l f  b o r n  
on 24 May; m e a n  a g e  o f  c a l v e s  w a s  22 d a y s  on 21 June;  
rut t ing  b u l l s  in a r e a  f r o m  31 A u g u s t  o n w a r d .
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T w o  c o w - c a l f  p a i r s  m o v e d  f r o m  g r a s s l a n d  t o w a r d  t i m b e r e d  
a r e a s  w i t h i n  a f e w  d a y s  a f t e r  p a r t u r i t i o n .  D u r i n g  the  5 d a y s  f o l l o w i n g  
t h e  e a r t a g g i n g  of  C a l f  1, C o w  1 and C a l f  1 s l o w l y  m a d e  t h e i r  w a y  f r o m  
t h e  n o r t h e a s t  s e c t i o n  of L o w e r  Sou th  R a n g e  to  th e  s m a l l  s t a n d  of  
t i m b e r  s o u t h  of  S h e e p  M o u n t a in ,  ab o u t  3 k m  to  th e  s o u t h w e s t .  T h e  
d i s t u r b a n c e  of  e a r t a g g i n g  m a y  h a v e  m o t i v a t e d  th e  p a i r  to  m o v e  f r o m  
t h e  a r e a .  T h e y  a r r i v e d  at  th e  d e n s e  t i m b e r  of  lowm r T r i s k y  C r e e k  b y  
4 J u n e .  E v e r y  t i m e  w e  o b s e r v e d  C o w  1 o r  C a l f  1 f r o m  31 M a y  to  
2 1 J u n e ,  t h e y  w e r e  e i t h e r  in  t i m b e r  (8 t i m e s )  o r  w i t h i n  2 0 0  m  of  
t i m b e r  (2 t i m e s ) .  C o w  2 a l s o  c a l v e d  in  th e  r e l a t i v e l y  t r e e l e s s  a r e a  
o f  t h e  s o u t h e a s t  c o r n e r  o f  L o w e r  Sou th  R a n g e .  C o w  2 and C a l f  2 
m o v e d  w e s t w a r d  f o r  a b o u t  1 .5  k m  on 6 J u n e .  T h e  c a l f  d i e d  on  10 
J u n e ,  w h i l e  t h e y  w e r e  s t i l l  a w a y  f r o m  t im be i*  but t h e y  had  m o v e d  
a w a y  f r o m  t o u r i s t  o b s e r v a t i o n s  and h i g h w a y  n o i s e .
C a l f  6 w a s  b o r n  o n  the  t i m b e r e d ,  e a s t - f a c i n g  s l o p e  o f  l o w e r  
T r i s k y  C r e e k .  T h e  b i r t h  l o c a t i o n s  o f  C a l f  3, C a l f  4 ,  and C a l f  5 w e r e  
n o t  d e t e r m i n e d .
P o s s i b l y ,  a l t h o u g h  not  n e c e s s a r i l y ,  a l l  s e v e n  c o w s  c a l v e d  
( H a r p e r  e t  a l .  1 9 6 7 ,  B o w y e r  1 9 7 6 ) .  W e n e v e r  s a w  th e  s e v e n t h  c a l f  
and  d id  n o t  s e e  t h e  s e v e n t h  c o w  f o r  a b o u t  2 w e e k s  d u r i n g  t h e  c a l v i n g  
p e r i o d ,  a l t h o u g h  w e  s p e n t  m a n y  h o u r s  t r y i n g  to  f in d  h e r .  S h e  w a s  
p r o b a b l y  in  t i m b e r  o r  out  of  t h e  s t u d y  a r e a .
A c o w  w h o  h a d  r e c e n t l y  g i v e n  b i r t h  w a s  l o c a t e d  at  102 0 on
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15 J u n e .  T h e  f o l l o w i n g  d e s c r i p t i o n  o f  h e r  b e h a v i o r  e x c l u d e s  i n t e r ­
a c t i o n s  w i t h  h e r  c a l f .  C a l f  6 ,  w h o  r e m a i n e d  w i t h i n  3 ni  of  the  c o w  
t h r o u g h o u t  t h e  p e r i o d  o f  o b s e r v a t i o n .  O b s e r v a t i o n s  of  th e  c a l f  a r e  
d e s c r i b e d  b e l o w  in  " C a lf  M o r t a l i t y .  " T h e  c o w  g r o o m e d  h e r  s i d e s ,  
s h o u l d e r s ,  and  f r o n t  l e g s  f r o m  1 0 2 0 - 1 0 2 8  and f r o m  1 0 5 0 - 1 0 5 8 .  T h e  
a f t e r b i r t h  w a s  h a n g i n g  f r o m  h e r  v a g i n a l  o p e n i n g  to  ab ou t  10 c m  b e l o w  
h e r  h o c k s .  A t  1 1 3 0 ,  s h e  w a l k e d  2 m  a nd  b e g a n  e a t i n g  the  a m n i o n ,  
w h i c h  w a s  l y i n g  on  o r  n e a r  s o m e  l o o s e  r o c k s .  T h e  a m n i o n  w a s  ab o u t  
1 m  l o n g ,  and  s e e m e d  to  b e  a b o u t  4 1 o f  m a t e r i a l .  S h e  f i n i s h e d  
e a t i n g  t h e  a m n i o n  at  1 1 1 8 ,  w a l k e d  1 m ,  t u r n e d ,  e x p e l l e d  the  h a n g i n g  
a f t e r b i r t h  an d  a b o u t  2 1 o f  m a t e r i a l .  She t u r n e d  and  b e g a n  e a t i n g  the  
a f t e r b i r t h .  She  l i f t e d  a n d  s h o o k  t h e  a f t e r b i r t h ,  and  bit  off  a p i e c e  at a  
t i m e .  T h e  a f t e r b i r t h  f e l l  to  th e  g r o u n d  a f t e r  m o s t  b i t e s .  She c o n ­
s u m e d  m o s t  o f  t h e  a f t e r b i r t h  b y  1 1 3 9 ,  a f t e r  s w a l l o w i n g  th e  s e c o n d  
c o t y l e d o n .  Sh e  s e a r c h e d  th e  g r o u n d  and  c o n s u m e d  s m a l l  b i t s  of  
m a t e r i a l  f r o m  1 1 4 0 - 1 1 5 0 .
H id in g  B e h a v i o r
C a l v e s  t e n d e d  to  h i d e  b e s i d e  o b j e c t s  at l e a s t  a s  l a r g e  a s  
t h e m s e l v e s ,  s u c h  a s  l a r g e  g r a s s  oi' f o r b  c l u m p s ,  r o c k s ,  s m a l l  c l i f f s ,  
and f a l l e n  o r  s t a n d i n g  t r e e s .  C a l v e s  m o v e d  s l o w l y  and h e l d  t h e i r  
n o s e s  c l o s e  t o  t h e  g r o u n d  b e f o r e  h i d i n g  o r  s t a n d i n g  b e t w e e n  h i d e s .  
C o w s  r e m a i n e d  w i t h i n  a b o u t  2 0 0  m  of  t h e i r  h i d in g  c a l v e s .  H id in g
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c a l v e s  r e m a i n e d  m o t i o n l e s s  f o r  l o n g  p e r i o d s  of  t i m e .  C a l f  2 s t o o d  
on  a l l  f o u r s  t h r e e  t i m e s  and on  w r i s t s  an d  r e a r  t o e s  t w i c e ,  f o r  a t o t a l  
s t a n d i n g  t i m e  of  l e s s  th a n  2 m i n u t e s ,  d u r i n g  th e  5 3 / 4  h o u r s  of  
o b s e r v a t i o n  o f  h i m  b e f o r e  e a r t a g g i n g .  T h e  c a l f  s t r e t c h e d  d u r i n g  
t h e s e  m o v e m e n t s  a n d  c h a n g e d  h i s  h i d in g  p o s i t i o n  a f t e r  at l e a s t  f o u r  
o f  t h e s e .  H i s  h e a d  r e s t e d  m o t i o n l e s s l y  on t h e  g r o u n d  abo u t  95 p e r c e n t  
of th e  t i m e ;  h e  a l s o  p e r f o r m e d  n o s e s  to  t h e  g r o u n d ,  s c e n t - t e s t e d  th e  
a i r ,  l o o k e d  a r o u n d ,  and  y a w n e d .  F r e q u e n t  e a r  m o v e m e n t  a c c o m p a n i e d  
b e d d i n g  w i t h  th e  h e a d  up o r  d o w n .
I n d i v i d u a l  h i d i n g  c a l v e s  w e r e  o b s e r v e d  on e ig h t  o c c a s i o n s .  
V e r y  y o u n g  c a l v e s  c o u l d  b e  a p p r o a c h e d  m o r e  c l o s e l y  than  c o u ld  o l d e r  
c a l v e s .  A p p r o a c h e s  a s  c l o s e  a s  2 ,  2 . 5 ,  6 ,  11 ,  and 11 m  w e r e  p e r ­
m i t t e d  in  t h e  f i v e  c a s e s  in  w h i c h  th e  c a l v e s  ( 2 - 4 ,  1 3 - 1 4 ,  6 - 7 ,  1 1 - 1 2 ,  
a n d  1 7 - 1 8  d a y s  o ld ,  r e s p e c t i v e l y )  s t o o d  and r a n .  W e  o b s e r v e d  C a K  1 
h i d in g  w h e n  s h e  w a s  2 o r  3 d a y s  o ld ,  f r o m  6 .5  m a w a y ,  w i t h o u t  h e r  
t a k i n g  f l i g h t ,  but w h e n  s h e  w a s  11 o r  12 d a y s  o ld ,  s h e  f l u s h e d  at  11 m .  
W e  t a g g e d ,  w e i g h e d ,  a n d  e x a m i n e d  C a l f  2 ,  w h e n  1 d a y  o ld ,  and  C a l f  6,  
w h e n  l e s s  than 1 d a y  o l d ,  w i t h o u t  t h e i r  v o c a l i z i n g  o r  s t r u g g l i n g .  C a l f  
6 w a s  p r o b a b l y  in  p o o r  h e a l t h  d u r i n g  h a n d l i n g .
H u m a n  d i s t u r b a n c e  w a s  th e  a p p a r e n t  c a u s e  of  h id in g  o n l y  
o n c e  o f  t h e  e ig h t  t i m e s  h i d i n g  c a l v e s  w e r e  l o c a t e d .  In th i s  c a s e .
C a l f  3 f o l l o w e d  h i s  c o w  a w a y  f r o m  u s  a f t e r  I a l e r t e d  th e  11 e l k  in  
T r i s k y  W o o d s  on 5 J u n e .  T h i s  6 -  to  8 - d a y - o l d  c a l f  and h i s  c o w
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t r a v e l l e d  a b o u t  100  m  b e f o r e  p a s s i n g  out  of  o u r  v i e w .  I s a w  t h e  c o w  
a b o u t  5 m i n u t e s  l a t e r  a s  s h e  t r o t t e d  a w a y  f r o m  u s .  W e  fo u n d  C a l f  3 
a l m o s t  1 h o u r  l a t e r  h i d i n g  a l o n g  th e  c o w ' s  p r o b a b l e  path .
Y o u n g  c a l v e s  h id  d u r i n g  m o s t  o f  th e  d a y .  R o c k y ,  g r a s s y  
a r e a s  in  t i m b e r  ( f i v e  s i g h t i n g s ) ,  open g r a s s l a n d  ( tw o) ,  and b r u s h  (one )  
w e r e  u s e d .
C o w s  F i n d i n g  H id in g  o r  B e d d e d  C a l v e s  and  
L o c a t i n g  C a l v e s  A f t e r  a D i s t u r b a n c e
T w o  c o w s  w e r e  o b s e r v e d  a p p a r e n t l y  c a l f - s e a r c h i n g .  C o w  2 
s t o o d  a n d  b e g a n  w a l k i n g  b a c k  and f o r t h  between t w o  r a v i n e s  at  2 2 1 0  
on 3 J u n e .  Sh e  w a l k e d  a l m o s t  c o n t i n u a l l y  f o r  m o s t  o f  th e  n e x t  5 0 
m i n u t e s  w i t h  h e r  h e a d  d i r e c t e d  d o w n w a r d  at a b o u t  - 3 0 ° .  D a r k n e s s  
p r o h i b i t e d  m y  w i t n e s s i n g  h e r  f i n d i n g  h e r  c a l f .  C o w  5 a p p e a r e d  at the  
s i t e  o f  h e r  c a l f ' s  e a r t a g g i n g  w i t h i n  a f e w  m i n u t e s  of m y  r e l e a s i n g  
C a l f  5 .  S h e  w a l k e d  a nd  t r o t t e d  b a c k  and  f o r t h ,  c r o s s - s l o p e  and  
d o w n h i l l ,  w i t h  h e r  n o s e  a b o u t  0.3 to  0 . 9  m  a b o v e  t h e  g r o u n d  and h e r  
e a r s  f o r w a r d .  C o w  5 c r o s s e d  t h e  p a th  C a l f  5 had t a k e n  w i th  no  
a p p a r e n t  r e s p o n s e .  S h e  p a s s e d  out  o f  m y  v i e w  a f t e r  ab o u t  10 m i n u t e s  
of  s e a r c h i n g .
C a l v e s  1, 2 ,  3,  a n d  5 r e u n i t e d  w i t h  t h e i r  c o w s  a f t e r  e a r -  
t a g g i n g .  C a l f  3 r a n  100  m  d o w n h i l l  b e f o r e  w e  c a u g h t  h i m  on 5 J u n e .  
A f t e r  r e l e a s e ,  h e  t r a v e l l e d  at l e a s t  100  m  f u r t h e r  a w a y  f r o m  w h e r e  
h i s  c o w  h a d  l e f t  h i m .  A  f e w  m i n u t e s  b e f o r e  w e  t a g g e d  C a l f  1, a c o w
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f l u s h e d  f r o m  the  b r u s h  n e a r  t h e  c a l f  and  r a n  a w a y  f r o m  u s .
H id i n g  o r  b e d d e d  c a l v e s ,  w h e n  a p p r o a c h e d  c l o s e l y  b y  t h e i r  
m o t h e r s ,  o c c a s i o n a l l y  s t o o d  and  m o v e d  to  th e  c o w s .
C o w  B e h a v i o r  W h e n  w i t h  H e r  Y o u n g  C a l f
T h e  p r e s e n c e  a n d  b e h a v i o r  o f  c o w s  f a c i l i t a t e d  o u r  f in d in g  
t h e i r  c a l v e s .  C o w s  w i t h  v e r y  y o u n g  c a l v e s  d i s p l a y e d  a u n iq u e  
r e l u c t a n c e  to  l e a v e  an a r e a ,  and a l l o w e d  us to a p p r o a c h  a s  c l o s e  a s  
5 0 - 1 0 0  m  on  at l e a s t  t w o  o c c a s i o n s  involving a t o t a l  of 11 i n d i v i d u a l s .  
C o w  1, C o w  3, and  th e  s e v e n  y e a r l i n g s  s a w  o r  h e a r d  m e  at  l e a s t  f o u r  
t i m e s  f r o m  0 9 0 0 - 1 3 1 5  on 5 J u n e  a s  w e  o b s e r v e d  th e  g r o u p  and  I 
s e a r c h e d  th e  C o w e r  T r i s k y  Woods f o r  calves. T h e y  a l e r t e d  a few  
t i m e s ,  r a n  s h o r t  d i s t a n c e s ,  t h e n  s t o o d .  A n y  o n e  o f  t h e s e  d i s t u r b a n c e s  
w o u l d  u s u a l l y  h a v e  c a u s e d  t h e m  to  l e a v e  th e  area. T h e y  f i n a l l y  r a n  
out  o f  t h e  t i m b e r  and  d o w n  t h e  v a l l e y  a f t e r  s e e i n g  m e  l e s s  than  50 m  
f r o m  t h e m .  B o th  C a l f  1 and  C a l f  3 w e r e  h i d i n g  in  t h e  a r e a .  O n 11 
J u n e ,  Cow 5 g r a z e d ,  l a y  d o w n ,  a n d  s e e m e d  to b e  u n a w a r e  of m y  
p r e s e n c e  w h e n  I w a s  1 0 0  m  a w a y  in  c l e a r  v i e w .  H e r  c a l f  and  C a l f  1 
w e r e  h i d i n g  a b o u t  1 8 0  and  2 00  m ,  r e s p e c t i v e l y ,  f r o m  h e r .  T h e  o n l y  
o t h e r  t i m e  t h i s  r e l u c t a n c e  t o  l e a v e  w a s  e x h i b i t e d  w a s  on 2 9 M a y .  A  
c o w  a n d  th e  y e a r l i n g s  a l l o w e d  m e  to  a p p r o a c h  w i t h i n  35 m  f o r  o v e r  
30 m i n u t e s .  I b e l i e v e  a c a l f  w a s  h i d i n g  in  th e  a r e a  and I s i m p l y  f a i l e d  
to  f in d  i t .  In a l l  t h r e e  c a s e s ,  th e  y e a r l i n g s  w i t h  th e  c o w ( s )  w e r e
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t y p i c a l l y  a l e r t e d ;  t h e y  m o v e d  a w a y ,  s t o p p e d ,  a n d  t h e n  r e t u r n e d  to  the  
a p p a r e n t l y  u n d i s t u r b e d  c o w s .
T h e  c o w s  l o s t  t h e i r  r e l u c t a n c e  to  l e a v e  th e  a r e a  of  t h e i r  
c a l v e s  a f t e r  th e  c a l v e s  r e a c h e d  ab o u t  2 w e e k s  of age. T h e  c o w s  th e n  
s h o w e d  a n  i n c r e a s e d  t e n d e n c y  f o r  f l ig h t  d u r i n g  a d i s t u r b a n c e .
Cows s t o o d  f o r  l o n g  p e r i o d s  of  t i m e  n e a r  t h e i r  b e d d e d  c a l v e s .  
C o w  1 stood, w i t h o u t  l o c o m o t i n g ,  f o r  abo u t  4 |  h o u r s  of the  5?  h o u r s  
of o b s e r v a t i o n  o f  h e r  and  C a l f  1 on 31 M a y .  C a l f  6 ' s  m o t h e r  d i s p l a y e d  
s i m i l a r  b e h a v i o r  on  t h e  d a y  o f  c a l v i n g  a n d  on th e  f o l l o w i n g  d a y .  T h e  
o c c a s i o n a l  l i f t i n g  o f  a foot, a s  i f  t o  r e l a x  t i r e d  m u s c l e s ,  a c c o m p a n i e d  
t h e s e  h o u r s  o f  a l m o s t  m o t i o n l e s s  s t a n d i n g .
F o l l o w i n g  B e h a v i o r  a n d  L o c o m o t i v e  D e v e l o p m e n t
H e a l t h y  c a l v e s  s t o o d  w e a k l y  w i t h  a  h u m p e d - b a c k  a p p e a r a n c e  
w h e n  1 d a y  o ld .  It i s  p r o b a b l e  th a t  t h e y  s t o o d  e a r l i e r .  B y  3 to  4 d a y s ,  
t h e y  w e r e  m o r e  s t u r d y  and e r e c t  ( p e r s .  o b s ,  and J o h n s o n  1 9 5 1 ) ,  but  
l o c o m o t e d  w i t h  s l i g h t l y  a r c h e d  b a c k s  and  b o b b i n g  h e a d s .  C a l f  1 m o v e d  
m o r e  th an  2 k m  w h e n  s h e  w a s  2 t o  3 days o l d .  She  and C o w  1 m o v e d  
at l e a s t  1 .5  k m  m o r e  d u r i n g  t h e  n e x t  3 d a y s .  C a l v e s  5 to 7 d a y s  o ld  
m o v e d  s t r o n g l y  a n d  q u i c k l y .  M u c h  o f  o u r  s u c c e s s  at c a t c h i n g  C a l f  3,  
e s t i m a t e d  t o  b e  6 to  8 d a y s  o l d ,  w a s  d u e  to  t h e  f o l l o w i n g :  he  w a s
h i d i n g  u n d e r  th e  h o t  s u n  f o r  a l m o s t  a n  h o u r  b e f o r e  h e  s t o o d  a n d  ran;  
w e  p r e v e n t e d  h i s  i n i t i a l  attempt to r u n  u p h i l l ;  and h e  tripped and f e l l
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t w i c e  d u r i n g  th e  100  m  d o w n h i l l  c h a s e .  C a l f  1 a n d  C a l f  3 f l u s h e d  
f r o m  h i d in g  w h e n  a b o u t  12 d a y s  o l d .  T h e y  r a n  s t r o n g l y  and  v e r y  
q u i c k l y ,  w i t h  h e a d s  l e v e l  and  b a c k s  n e a r l y  s t r a i g h t .
I m p r o v e d  v i s i o n  c o i n c i d e d  w i t h  i n c r e a s e d  l o c o m o t i v e  a b i l i t y .  
C a l f  1 a n d  C a l f  5 a p p a r e n t l y  did n o t  n o t i c e  m e  a s  c l o s e  a s  1 and  3 m ,  
r e s p e c t i v e l y ,  on t h e i r  t a g d a y s .  T h e i r  v i s i o n  g r e a t l y  i m p r o v e d  d u r in g  
t h e i r  f i r s t  f e w  w e e k s  o f  l i f e .
C a l v e s  l e s s  th a n  a f e w  w e e k s  o ld  u s u a l l y  f o l l o w e d  w i t h i n  4 m  
of t h e i r  c o w s .  T w o  o b s e r v a t i o n s  o f  a c a l f  l e s s  than  1 w e e k  o ld  
i n d i c a t e  tha t  y o u n g e r  c a l v e s  m a y  t y p i c a l l y  f o l l o w  t h e i r  m o t h e r s  a s  
c l o s e  a s  2 m .  O l d e r  c a l v e s  o f t e n  f o l l o w e d  at g r e a t e r  d i s t a n c e s .
C a l f  M o r t a l i t y
T w o  of the  f i v e  e a r t a g g e d  c a l v e s  d i e d  s h o r t l y  a f t e r  b i r t h  and  
w e r e  n e c r o p s i e d  b y  D r .  Q ' G a r a ,  A s s i s t a n t  L e a d e r  o f  th e  M o n ta n a  
C o o p e r a t i v e  W i l d l i f e  R e s e a i - c h  U n i t .
C a l f  2 a t t e m p t e d  to  s u c k l e  14 t i m e s  a n d  s u c k l e d  e ig h t  t i m e s  
f r o m  1 0 0 0  to  12 03 on 6 J u n e .  C ow  2 t e r m i n a t e d  m o s t  b o u t s  of  
s u c k l i n g  b y  s t u m b l i n g  s i d e w a y s  ( s e e  B e h a v i o r  of  an  O ld  C o w ) .  T h e  
c a l f  t e r m i n a t e d  t h r e e  o f  th e  e i g h t  b o u t s ,  a l t h o u g h  h e  f r e q u e n t l y  
a t t e m p t e d  to  s u c k l e .  T h i s  s u g g e s t e d  that  h e  w a s  r e c e i v i n g  an  
i n s u f f i c i e n t  a m o u n t  o f  m i l k .  V o n  G u n te n  fo u n d  th e  d e a d  c a l f  4 d a y s  
l a t e r  in  t h e  s a m e  a r e a .  T h e  c a l f  p r o b a b l y  d i e d  of  s t a r v a t i o n .  Its
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s t o m a c h  c o n t a i n e d  a s m a l l  a m o u n t  of c u r d l e d  m i l k ,  d r i e d  g r a s s ,  and  
g r a v e l .  A  m a s s  o f  c l a y  and s a n d  b l o c k e d  t h e  p o s t e r i o r  end o f  th e  
c o l o n  ( O 'G a r a  p e r s .  c o m m .  ) ( A p p e n d ix  III).
C a l f  6 ' s  c o w  w a s  l o c a t e d  s h o r t l y  a f t e r  c a l v i n g .  T h e  c a l f  w a s  
a p p a r e n t l y  t o o  w e a k  to  l o c o m o t e  to  h e r  m o t h e r  s t a n d i n g  n e a r b y .  C a l f  
6 s t o o d  14 t i m e s  d u r i n g  th e  5 3/4 h o u r s  o f  u n d i s t u r b e d  o b s e r v a t i o n  on  
15 J u n e .  In m o s t  c a s e s ,  s h e  w a s  a b l e  t o  s t a n d  f o r  o n l y  a  f e w  s e c o n d s  
b e f o r e  f a l l i n g  o r  l y i n g  d o w n .  A  f e w  t i m e s  s h e  c r a w l e d  f o r w a r d  on h e r  
w r i s t s  and  r e a r  t o e s .  F o u r  t i m e s  s h e  f e l l  a n d  r o l l e d  a s  f a r  a s  1 m  
d o w n h i l l .  A f a l l e n  t r e e  s t o p p e d  h e r  d o w n w a r d  r o l l i n g  in  at l e a s t  tw o  
i n s t a n c e s .  T h e  f o l l o w i n g  e v e n i n g ,  s h e  s t o o d  and l a y  down at l e a s t  
f o u r  t i m e s .  Sh e  n e v e r  s t o o d  f o r  l o n g e r  th a n  2 m i n u t e s  o r  s t o o d  on h e r  
f r o n t  t o e s .  T h e  c o w  w a s  w i t h i n  10 m  of h e r  c a l f  f o r  a l l  but  1 h o u r  of  
t h e  8 3/4 h o u r s  of  u n d i s t u r b e d  o b s e r v a t i o n s  of  t h e m  on 15 and 16 J u n e .  
S h e  g r o o m e d  the  c a l f  at  l e a s t  f o u r  t i m e s .  Sh e  w a s  m o r e  than  100  m  
f r o m  C a l f  6 f r o m  0 9 5 0 - 1 4 4 0  on  17 Ju n e;  s h e  t h e n  w a l k e d  out of  v i e w  
a n d  p r e s u m a b l y  l e f t  th e  a r e a .  A b o u t  3-1- h o u r s  l a t e r ,  I a p p r o a c h e d  
C a l f  6 and  fo u n d  th e  c a l f  d e a d ,  f a c i n g  d o w n h i l l  a g a i n s t  a f a l l e n  l o g .
D u e  to  t h e  c a l f ' s  u n d e r s i z e d  l y m p h a t i c  s y s t e m ,  th e  a b s e n c e  of  a 
c a r d i a c  t h y m u s ,  a n d  t h e  s m a l l  s i z e  an d  w e a k n e s s  o f  th e  c a l f ,  the  c o w  
p r o b a b l y  h a d  h a d  a h i g h  f e v e r  d u r i n g  p r e g n a n c y  ( O 'G a r a  p e r s .  comm. ) 
( A p p e n d i x  III).
T h e  s e v e n  y e a r l i n g s  p r e s e n t  w i t h  t h e  s e v e n  c o w s  s u g g e s t s  
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th a t  a l l  s e v e n  c o w s  s u c c e s s f u l l y  c a l v e d  in  1 9 7 6 .  T h e  s e v e n t h  c a l f  of  
1 9 7 7  w a s  n o t  d i s c o v e r e d .  T h i s  c a l f  m a y  h a v e  d ie d ,  a l t h o u g h  a l l  e l k  
c o w s  do n o t  n e c e s s a r i l y  c a l v e  e a c h  s p r i n g  ( l i a r p e r  et  a l .  1 9 6 7 ,
B o w y e r  1 9 7 6 ) .
S o c i a l  I n t e g r a t i o n
T h e  c a l v e s '  i n t e g r a t i o n  i n t o  t h e  h e r d  b e g a n  w h e n  t h e y  w e r e  
v e r y  y o u n g .  C a l f  1 w a s  o n l y  4 to  5 d a y s  o ld  w h e n  s h e .  C ow  1, and  
C o w  5 w e r e  j o i n e d  b y  a t h i r d  c o w  and the  s e v e n  yearlings. C a l f  1 
w a s  out of v i e w  f r o m  th e  t i m e  of j o i n i n g ,  2 1 3 0 ,  u n t i l  d a r k n e s s  1 h o u r  
l a t e r ,  s o  I c o u l d  n o t  o b s e r v e  h e r  i n t e r a c t i o n s  w i t h  t h e  o t h e r s .  C a l f  3 
and  C a l f  5 w e r e  w i t h  10 a n d  at l e a s t  f i v e  o t h e r  e lk ,  r e s p e c t i v e l y ,  on  
t h e  d a y s  t h e y  w e r e  e a r t a g g e d .
N u r s i n g  B e h a v i o r
S u c k l e  a p p r o a c h . C a l v e s  w a l k e d ,  t r o t t e d ,  o r  r a n  d u r in g  
s u c k l e  a p p r o a c h e s .  T r o t t i n g  was th e  m o s t  c o m m o n  m e a n s  o f  l o c o ­
m o t i o n  (74.6%; 44  o f  59  a p p r o a c h e s  d e s c r i b e d  in  d e t a i l ) .  S u c k l e  
a p p r o a c h e s  r a n g e d  f r o m  w a l k i n g  1 m  to  r u n n i n g  o v e r  50 m .  T h e  
u s u a l  d i s t a n c e  w a s  3 - 7  m .
I n i t i a t i o n  a nd  t e r m i n a t i o n . C a l v e s  a p p a r e n t l y  i n i t i a t e d  m o s t  
n u r s i n g  i n t e r a c t i o n s  (89.9%; 106  o f  122 s u c k l e s  and  s u c k l e  a t t e m p t s  in  
w h i c h  i n i t i a t i o n  w a s  o b s e r v e d ) .
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C o w s  i n i t i a t e d  t h e  r e m a i n d e r  o f  th e  n u r s i n g  i n t e r a c t i o n s  
(13.1%; 16 o f  1 2 2 ) .  C o w  1, C o w  3, a nd  C o w  4 a s s u m e d  n u r s e  p o s t u r e s  
f i v e ,  t h r e e ,  and  t h r e e  t i m e s ,  r e s p e c t i v e l y ,  b e f o r e  t h e i r  c a l v e s  p e r  - 
f o i ' m e d  s u c k l e  approaches. C o w s  s t o o d  w i t h  theix' r e a i -  l e g s  s p i -e a d  
a b o u t  15 a n d  30 c m  f u r t h e r  a p a r t  th a n  u s u a l  d u r i n g  tw o  of t h e s e  n u r s e  
p o s t u r e s .  T h e  m o s t  a c t i v e  c o w - i n i t i a t e d  n u r s i n g  i n t e r a c t i o n  w a s  on  
21 A u g u s t .  C o w  4 l o o k e d  a r o u n d  w i t h  h e r  e a r s  up and n o s t r i l s  f l a r e d ,  
a nd  c a l l e d  " E a w  ! " at l e a s t  n i n e  t i m e s  a s  s h e  m o v e d  d o w n h i l l  t o w a r d  
h e r  b e d d e d  c a l f  100  m  a w a y  on th e  o t h e r  s i d e  of  a  f e n c e .  She  c r a w l e d  
u n d e r  t h e  f e n c e ,  w a l k e d  t o w a r d  h e r  c a l f ,  and  a s s u m e d  the  n u r s e  
posture. C a l f  4 s t o o d ,  t r o t t e d  the  9 m  b e t w e e n  t h e m ,  and s u c k l e d .
V o c a l i z a t i o n s  b e f o r e  s u c k l e s  w e r e  h e a r d  on f i v e  o c c a s i o n s .
C o w s  p r o h i b i t e d  s u c k l e s  ( c a u s e d  s u c k l e  a t t e m p t s )  and  
t e r m i n a t e d  s u c k l e s  b y  w a l k i n g  f o r w a r d ,  b a c k w a r d ,  o r  to  t h e  s i d e .  
C a l v e s  s t o p p e d  s u c k l e s  b y  p u l l i n g  a w a y  f r o m  th e  s t a n d i n g  c o w .  C o w s  
s t o p p e d  s u c k l e s  in 9 0 .0  p e r c e n t  of t h e  c a s e s  in  w h i c h  t e r m i n a t i o n  w a s  
d e t e r m i n e d  (81 of 9 0 ) .  C a l f  1 w a s  r e s p o n s i b l e  f o r  e i g h t  o f  t h e  n in e  
c a l f - e n d e d  s u c k l e s  w h e n  s h e  w a s  4 - 7  d a y s  o l d .  A b o u t  3 - 5  s e c o n d s  
b e f o r e  t h e  en d  of  a  s u c k l e ,  a c o w  w o u l d  t y p i c a l l y  tu r n  h e r  h e a d  to  t h e  
side, n o s e  t h e  c a l f ,  a n d  w a l k  f o r w a r d  a s  s h e  d i r e c t e d  h e r  h e a d  
a n t e r i o r l y .
F r e q u e n c y  of  n u r s i n g  i n t e r a c t i o n s . T h e  f r e q u e n c y  of  s u c k l e s  
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a n d  s u c k l e  a t t e m p t s  d e c r e a s e d  a s  t h e  c a l v e s  a g e d  ( T a b l e  3 ) .  A s s u m i n g  
e l k  m a i n t a i n e d  p e r i o d s  of a c t i v i t y  a n d  i n a c t i v i t y  th r o u g h o u t  t h e  d a y  and  
n i g h t  ( t h i s  s t u d y ,  M c C u l l o u g h  1 9 6 6 ,  S te h n  1 9 7 3 ) ,  th e  n u m b e r  of s u c k l e s  
p e r  24  h o u r s  f o r  c a l v e s  up t o  1 m o n t h ,  1 m o n t h ,  2 - ,  3 - ,  and 4 - m o n t h s  
o l d  w o u l d  b e  4 . 1 ,  3 . 6 ,  3 . 6 ,  1 .9 ,  an d  2 . 4 ,  r e s p e c t i v e l y .
T a b l e  3 .  F r e q u e n c y  o f  s u c k l e s  and s u c k l e  a t t e m p t s  o v e r  t i m e .  I n t e r ­
a c t i o n s  d i s t u r b e d  b y  h u m a n s ,  t h i e f - s u c k l e s ,  a t t e m p t s  to  
t h i e f - s u c k l e ,  and  n u r s i n g  b e h a v i o r  o f  u n h e a l t h y  c a l v e s  
( C a l f  2 and  C a l f  6) a r e  e x c l u d e d .
A g e  of  
c a l v e s  
in  m o n t h s ^
F lou rs  o f  
o b s  e r v a t i o n
N u m b e r  of  s u c k l e s  o r  a t t e m p t s  
p e r  h o u r  (no.  o f  o b s e r v a t i o n s )
S u c k l e s
S u c k l e
a t t e m p t s T o t a l
< 1 1 0 7 .2 5 .17  (18) .20 (21) .36 (39)
1 1 9 0 . 0 0 .15  (29) .1 5  (28) .3 0  (57)
2 129.00 .15  (19) .12 (15) .26 (34)
3 3 7 5 . 2 5 .08 (29) .07 (27) .1 5  (56)
4 20.50 .1 0  (2) .0 5  (1) .1 5  (3)
B a s e d  on  th e  e a r l i e s t  e s t i m a t e d  b i r t h  d a t e s .
D u r a t i o n  o f  n u r s i n g . T h e  d u r a t i o n  o f  s u c k l e s  d e c r e a s e d  a s  
t h e  c a l v e s  a g e d  ( T a b l e  4 ) .  T h e  tw o  l o n g e s t  s u c k l e s  r e c o r d e d ,  b o t h  
9 m i n .  15 s e e . ,  w e r e  p e r f o r m e d  b y  C a l f  1 w h e n  s h e  w a s  6 - 7  d a y s  o ld;  
C a l f  I ' s  t h i r d  s u c k l e  w i t h i n  l ^  hour's  w a s  a t  l e a s t  1 m i n .  in d u r a t i o n .
C o w  5 w a s  s e p a r a t e d  f r o m  h e r  c a l f  b e t w e e n  3 and 7 O c t o b e r  
w h e n  C a l f  5 w a s  a b o u t  17 w e e k s  o ld  ( s e e  G ro u p  B e h a v i o r  and  P o s s i b l e
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M o t h e r - o f f s p r i n g  R e l a t i o n s h i p s ) .  C a l f  5 r e m a i n e d  w i t h  t h e  e l k  
t h r o u g h o u t  11 N o v e m b e r ,  and  w a s  s t i l l  a p p a r e n t l y  h e a l t h y  on 11 
J a n u a r y .  C o w  5 w a s  s t i l l  m i s s i n g  at  that  t i m e .  C a l f  5 w a s  not  
o b s e r v e d  p e r f o i m i i n g  a t h i e f - s u c k l e .
T a b l e  4 .  D u r a t i o n  of s u c k l e s  o v e r  t i m e .  I n t e r a c t i o n s  d i s t u r b e d  b y  
h u m a n s ,  t h i e f - s u c k l e s ,  a t t e m p t s  to  t h i e f - s u c k l e ,  and  
n u r s i n g  b e h a v i o r  of  u n h e a l t h y  c a l v e s  ( C a l f  2 and C a l f  6) 
a r e  e x c l u d e d .
A g e  of  
c a l v e s  
in  m o n t h s  ^
M e a n s u c k l e  t i m e s ( n u m b e r  of  s u c k l e s )
C a l f  1 Calf 3 Calf 4 C a l f  5
< 1 1 7 1 .6  (10) 9 1 .7  (3) --------- — 6 1 . 0  (3)
1 4 5 . 6  (14) 47.0 (9) 5 1 .3  (3) 6 9 . 0  (1)
2 43.5 (8) 3 7 . 0  (4) 39.4 (5) 5 0 . 0  (2)
3 32.8 (13) 34.0 (5) 35.1 (6) 38.7 (3)
4 ----------*- 29.0 (2) ---------------- ----------------
^ B a s e d  on t h e  e a r l i e s t  e s t i m a t e d  b i r t h  d a t e s .
T h i e f - s u c k l e . A f e m a l e  a n d  a c a l f  that  w a s  not  h e r  o w n  
w e r e  i n v o l v e d  in  7 .0  p e r c e n t  of a l l  s u c k l e s  and s u c k l e  a t t e n i p t s  (21 of  
1 9 8 ) .  T h e  f r e q u e n c y  o f  t h i e f - s u c k l e s  an d  t h i e f - s u c k l e  a t t e m p t s  
d e c r e a s e d  o v e r  t i m e  ( T a b l e  5 ) .  F o u r  t h i e f - s u c k l e s  w e r e  o b s e r v e d .  
C a l f  3 s u c k l e d  C o w  1 t w i c e ,  f o r  31 and  36 s e c o n d s ,  on 5 J u l y .  Calf 4 
s u c k l e d  C o w  1 f o r  15 and  10 s e c o n d s ,  on 31 A u g u s t  a n d  15 S e p t e m b e r ,  
r e s p e c t i v e l y .  C a l f  1 c o n c u r r e n t l y  s u c k l e d  C o w  1 in  a l l  f o u r  i n s t a n c e s ,  
a n d  b e g a n  b e f o r e  th e  " t h i e v e s "  in  t h r e e  c a s e s .  T h e  c a l v e s  a s s u m e d
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Table 5. F requency  of th ie f-suckle  at tempts  and th ie f-suckles  over t ime.
3C/Î Number of th ie f-suck les  o r  th ie f-suckle  a t tem pts  p e r  hour
5'3 (no. of observations)
a
CD Unsuccessful Unsuccessful
8■o at tempts  to a t tem pts  to Successfulv<
â' Time Hours of th ief-suckle th ie f-suckle  th ief-suckles
a
i
period observation^ cows ? yearl ings to cows Total
June . 104.25 0 (0) 0 (0) 0 (0) 0 (0)
JuTy 203.75 0.064 (13) o<,004 (1) 0.010 (2) 0.078 (16)
Aug 166.00 0.006 (1) 0 (0) 0.006 (1) 0.012 (2)
Sept 322.50 0.003 (1) 0.,003 (1) 0.003 (1) 0.009 (3)
Oct 39.50 0 (0) 0 (0) 0 (0) 0 (0)
^Number of hours of observation of one or both individuals of a cow-calf  pa i r .
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r e v e r s e  p a r a l l e l  p o s i t i o n s ;  t w i c e  t h e y  w e r e  on o p p o s i t e  s i d e s .  C o w  1 
w a s  a p p a r e n t l y  a w a r e  th a t  b o t h  c a l v e s  w e r e  s u c k l i n g ,  but w a s  not  
a g g r e s s i v e  t o w a r d  t h e  t h i e v e s .
C a l f  3, C a l f  4 ,  C a l f  1, and a n  u n i d e n t i f i e d  c a l f  a t t e m p t e d  
t h i e f - s u c k l e s  s e v e n ,  f i v e ,  f o u r  t i m e s ,  a n d  o n c e ,  r e s p e c t i v e l y .  C a l v e s '  
a t t e m p t s  b e g a n  a f t e r  a c o w ' s  o f f s p r i n g  h a d  s t a r t e d  s u c k l i n g  in  f o u r  
c a s e s ;  t h e  c o w  t h e n  t e r m i n a t e d  th e  s u c k l e .  C a l f  4 a t t e m p t e d  s u c k l e s  
to  o n e  o r  t w o  f e m a l e  y e a r l i n g s .  O n c e ,  th e  y e a r l i n g  d id  not  n o t i c e a b l y  
r e s p o n d ,  t h e n  f o l l o w e d  C a l f  4 to  h i s  c o w  and p e r f o r m e d  a s u c k l e  w a t c h .  
In t h e  o t h e r  c a s e ,  t h e  y e a r l i n g  r e s p o n d e d  w i t h  a b i t e .
C a l v e s  w e r e  s i g n i f i c a n t l y  m o r e  s u c c e s s f u l  w h e n  a t t e m p t i n g  to  
s u c k l e  f r o m  t h e i r  m o t h e r s  t h a n  f r o m  f e m a l e s  o t h e r  th a n  t h e i r  m o t h e r s  
(p < 0 . 0 0 1 ,  X2 = 1 2 . 7 ,  1 d f) .
F e m a l e  y e a r l i n g s  p e r f o r m e d  n o s e s  to  th e  u d d e r s  of  c o w s  on  
t h r e e  o c c a s i o n s  (not c o n s i d e r e d  to  b e  s u c k l e  a t t e m p t s ) .  W h e n  a  
y e a r l i n g  p e r f o r m e d  a n o s e  to  C o w  5 ' s  u d d e r  on 15 M a y ,  th e  c o w  m a d e  
n o  a p p a r e n t  r e s p o n s e ,  b u t  w h e n  a d i f f e r e n t  y e a r l i n g  d id  s o  to  a c o w  on  
t h e  s a m e  d a y ,  th e  c o w  f l a t t e n e d  h e r  e a r s  and  p e r f o r m e d  a  f o r e f o o t  k i c k .
S u c k l e  a p p r o a c h e s  and  s u c k l e  w a t c h e s  a l s o  o c c u r r e d  b e t w e e n  
a c o w  a n d  n o n - 1 9 7 7  o f f s p r i n g .  C a l v e s  r a n  o r  t r o t t e d  2 to  6 m  t o  c o w s  
o t h e r  t h a n  t h e i r  m o t h e r s ,  t h e n  s t o p p e d  and  t u r n e d  a w a y ,  on  10 J u n e  
a n d  1 a n d  28  S e p t e m b e r .  C a l f  3, C a l f  4 ,  and  a f e m a l e  y e a r l i n g  p e r ­
f o r m e d  s u c k l e  w a t c h e s .
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C o n c u r r e n t  n u r s i n g  b e h a v i o r . A l l  o b s e r v e d  t h i e f - s u c k l e s  and  
f o u r  a t t e m p t s  to  t h i e f - s u c k l e  o c c u r r e d  a s  a c o w  and h e r  c a l f  w e r e  
n u r s i n g .  C a l v e s  a p p a r e n t l y  w e r e  m o t i v a t e d  t o  s u c k l e  f r o m  t h e i r  
m o t h e r  w h e n  a n e a r b y  c a l f  w a s  s u c k l i n g .  S o m e  u n d i s t u r b e d  s u c k l e s  
a n d  s u c k l e  a t t e m p t s  b y  h e a l t h y  c a l v e s  w e r e  d o n e  w i t h i n  10 m i n u t e s  of  
a n o t h e r  p a i r ' s  d o i n g  s o  (9.4%; 28  o f  2 9 8 ) .  C o n c u r r e n t  n u r s i n g  b e h a v i o r  
b y  t w o  c o w - c a l f  p a i r s  w a s  o b s e r v e d  on s i x  o c c a s i o n s .
D i s t u r b a n c e s . D i s t u r b a n c e s  a p p a r e n t l y  c a u s e d  c a l v e s  to  
d i s p l a y  n u r s i n g  b e h a v i o r  in  s o m e  c a s e s .  T w e n t y - f o u r  s u c k l e  a t t e m p t s  
a n d  f o u r  s u c k l e s  t o o k  p l a c e  d u r i n g  11 h u m a n  an d  o n e  b i s o n  d i s t u r ­
b a n c e s .  A  v e r y  s i g n i f i c a n t  i n c r e a s e  in  s u c k l e  a t t e m p t s  o v e r  s u c c e s s f u l  
s u c k l e s  w a s  d i s p l a y e d  in  d i s t u r b e d  c o m p a r e d  to  u n d i s t u r b e d  s i t u a t i o n s  
( < . 0 0 1 ,  -  1 6 . 7 9 ,  2 d f) .  T w o  s u c k l e s  t o o k  p l a c e  w h i l e  a b i s o n  b u l l
w a l k e d  t h r o u g h  t h e  a l e r t e d  g r o u p .
N u r s i n g  b e h a v i o r  p r e c e d e d  b y  b e d d i n g  b o u t s . M a n y  s u c k l e s  
a n d  s u c k l e  a t t e m p t s  w e r e  p e r f o r m e d  w i t h i n  10 m i n u t e s  of  the  e n d  of  
t h e  c a l v e s '  b e d d i n g  b o u t  (2 7,4%; 60 o f  2 1 9  s u c k l e s ,  s u c k l e  a t t e m p t s ,  
o r  s e r i e s  of  t h e s e .  B o u t s  p o s s i b l y  i n i t i a t e d  b y  h u m a n  d i s t u r b a n c e s  
w e r e  e x c l u d e d .  T h e  p e r c e n t a g e  r e p o r t e d  m a y  b e  t o o  l o w ,  f o r  I w a s  
u n a w a r e  of  t h i s  t e n d e n c y  e a r l y  in  th e  f i e l d  s e a s o n  and f a i l e d  t o  n o t e  
c a l f  b e d d i n g  t i m e s  c o n s i s t e n t l y .  ).
B u n t i n g . B u n t i n g  s e e m e d  to  b e  p a i n f u l  to  t h e  c o w  w h e n  th e  
c a l f ' s  h i t t i n g  m o v e d  hei-  u p w a r d  and to  t h e  s i d e .  T h e  c o w  w o u l d  t h e n
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t e r m i n a t e  t h e  n u r s e .  D u r i n g  t h e  4 |  h o u r s  a f t e r  s u c h  an i n t e r a c t i o n .  
C o w  5 did  not  p e r m i t  C a l f  5 t o  s u c k l e  th e  t w o  t i m e s  s h e  t r i e d  to  do so.
B e d d i n g  B e h a v i o r
E l k  o f t e n  b e d d e d  a s  a g r o u p .  L e s s  th a n  30  m i n u t e s  t y p i c a l l y  
p a s s e d  b e t w e e n  th e  t i m e s  t h e  f i r s t  an d  l a s t  i n d i v i d u a l s  of a  g r o u p  
b e d d e d .
T w e n t y - t w o  d i a g r a m s  o f  g r o u p s  o f  b e d d e d  e l k  w e r e  d r a w n  s o  
th a t  a r r o w s  r e p r e s e n t e d  e a c h  i n d i v i d u a l  p r e s e n t .  O n e  m m - w i d e  l i n e s  
e x t e n d i n g  f o r w a r d  f r o m  th e  t i p s  of th e  a r r o w s ,  t h e  d i r e c t i o n s  th e  e l k  
f a c e d ,  w e r e  l a t e r  d r a w n  to  d e t e r m i n e  t h e  d e g r e e  t o  w h i c h  t h e y  f a c e d  
o n e  a n o t h e r .  E l k  d id  not  f a c e  d i r e c t l y  t o w a r d  a n o t h e r  i n d i v i d u a l  in  
m o s t  c a s e s  (72.6%; 167  of  2 3 0 ) .  E l k  w e r e  f a c e - t o - f a c e  in  only 7 .0  
p e r c e n t  of  t h e  i n s t a n c e s  (16 o f  2 3 0 ) .  C a l v e s  d i s p l a y e d  th e  t e n d e n c y  to  
f a c e  a w a y  f r o m  o t h e r  e l k  l e s s  th a n  t h e  o l d e r  e lk;  o n e - t h i r d  o f  th e  
i n s t a n c e s  o f  i n d i v i d u a l s  f a c i n g  a n o t h e r  e l k  w e r e  c a l v e s  (33.3%; 21  of  
6 3 ) .  T w o  f e m a l e  y e a r l i n g s  l a y  f a c i n g  o n e  a n o t h e r  w i t h  t h e i r  n o s e s  
l e s s  th a n  1 m  a p a r t  on  t w o  o c c a s i o n s .
E l k  c o m m o n l y  b e d d e d  a s  o n e  g r o u p  e v e n  th o u g h  a f e n c e  
s e p a r a t e d  t h e m .  C a l v e s  o f t e n  b e d d e d  c l o s e  t o g e t h e r .  S c r a p i n g  th e  
g r o u n d  w i t h  o n e  o r  b o t h  f o r e f e e t  r a r e l y  p r e c e d e d  b e d d i n g .  O n e  f e m a l e  
y e a r l i n g  s c r a p e d  t h e  g r o u n d  f o u r  t i m e s  w i t h  h e r  r i g h t  f o r e f o o t ,  f o u r  
w i t h  h e r  l e f t ,  t h r e e  w i t h  h e r  r i g h t ,  a n d  t h e n  f o u r  w i t h  h e r  l e f t  b e f o r e
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b e d d i n g .
S e l f - g r o o m
S e l f - g r o o m s  w e r e  p e r f o r m e d  on a r e a s  o t h e r  than  th e  h e a d ,  
u p p e r  n e c k ,  and  d o r s a l  s i d e s  o f  th e  n e c k  a nd  s h o u l d e r s .  N i p p i n g  and  
l i c k i n g  t h e  b o d y  s u r f a c e s  w e r e  t h e  m e t h o d s  u s e d .  S c r a t c h i n g  w a s  don e  
w i t h  t h e  a n t l e r s ,  r e a r  t o e s ,  and th e  s i d e s  o f  th e  h e a d .  S e l f - g r o o m s  of  
th e  f l a n k s  o r  r e c t a l  a r e a  f r e q u e n t l y  f o l l o w e d  b e d d i n g  b o u t s .  An  
a p p a r e n t l y  d i s t u r b i n g  i t c h  p r o m p t e d  b e d d e d  i n d i v i d u a l s  to  s t a n d  and  
s c r a t c h .  M o s t  s e l f - g r o o m s  l a s t e d  abo u t  5 - 1 5  s e c o n d s ,  many l a s t e d  
up to  1 m i n u t e ,  and f e w  t o o k  m o r e  th a n  1 m i n u t e  t o  c o m p l e t e .  B r u t e ' s  
g r o o m i n g  t w o  c o w s  a p p a r e n t l y  s t i m u l a t e d  t h e m  to  p e r f o r m  l o n g  s e l f ­
g r o o m s  o f  t h e i r  p o s t e r i o r  b a c k  and  s i d e s  (3 m i n .  2 0  s e c .  , 4 m i n .  15
s e c .  ). W e t t i n g  o f  th e  p e l a g e  in  t h e  p o n d s  o r  f r o m  r a i n f a l l  o f t e n  l e d  
t o  s e l f - g r o o m s .
S o c i a l - g r o o m
S o c i a l - g r o o m s  u s u a l l y  w e r e  d i r e c t e d  to  a r e a s  not  c o v e r e d  b y  
s e l f - g r o o m s  ( l i s t e d  a b o v e ) .  T h e  r e c i p i e n t  o f  a s o c i a l - g r o o m  u s u a l l y  
s t o o d  a l m o s t  m o t i o n l e s s ,  but  s o m e t i m e s  n o s e d  th e  o t h e r  e l k  i f  it w a s  
t e m p o r a r i l y  p e r f o r m i n g  s o m e  o t h e r  a c t i v i t y  ( u s u a l l y  a  s e l f - g r o o m ) .
M o s t  s o c i a l - g r o o m s  w e r e  b e t w e e n  c o w s  and t h e i r  1 9 7 7  c a l v e s  
(73.4%; 47  o f  6 4 ) .  S u c k l e s  o r  s u c k l e  a t t e m p t s  c l o s e l y  p r e c e d e d  o r  
f o l l o w e d  c o w - c a l f  s o c i a l - g r o o m s  in  m o s t  c a s e s  (74.4%; 32 o f  4 3 ,
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e x c l u s i v e  o f  C a l f  6 w h o  w a s  g r o o m e d  b y  h e r  m o t h e r  but p e r f o r m e d  
n o  s u c k l e  a t t e m p t s ) .  T h e  i n g u i n a l  r e g i o n s  o f  s u c k l i n g  c a l v e s  
o c c a s i o n a l l y  received s o c i a l - g i ' o o m s .
M o s t  of th e  s o c i a l - g r o o m s  th a t  w e r e  n o t  b e t w e e n  a c o w  and  
h e r  1 9 7 7  c a l f  w e r e  b e t w e e n  a c o w  an d  a  f e m a l e  y e a r l i n g  <70,6%; 12 of  
1 7 ) .  T h e  y e a r l i n g s  w e r e  p r o b a b l y  t h e  o f f s p r i n g  of  t h e s e  c o w s ,  A 
y e a r l i n g  d i s p l a y e d  s o c i a l - g r o o m s  to  a c o w  t w i c e .
T h e  o t h e r  s o c i a l - g r o o m s  w e r e  b e t w e e n  tw o  c o w s ,  t w o  f e m a l e  
y e a r l i n g s ,  and  Lcf  and a f e m a l e  y e a r l i n g .  C o w  2 p e r f o r m i n g  a s o c i a l -  
g r o o m  t o  C o w  5 m a y  h a v e  b e e n  a n o t h e r  c o w  to  o f f s p r i n g  s o c i a l - g r o o m  
( s e e  G r o u p  B e h a v i o r  and  P o s s i b l e  M o t h e r - o f f s p r i n g  R e l a t i o n s h i p s ) .
S o c i a l - g r o o m s  r a n g e d  f r o m  3 s e c o n d s  to  22 m i n u t e s  44  
s e c o n d s  <X = 2 m  18 s ,  n = 5 0 ) .  N o n  c o w  - c a l f  s o c i a l - g r o o m s  did not  
s i g n i f i c a n t l y  d i f f e r  in  l e n g t h  c o m p a r e d  t o  c o w - c a l f  s o c i a l - g r o o m s  
( M a n n - W h i t n e y  T e s t ;  < 0 . 9 0 ,  n = 14 ,  m = 3 2 ) .
M u t u a l - g r o o m
T h e  l e n g t h  o f  t i m e  c a l v e s  r e c e i v e d  s o c i a l - g r o o m s  f r o m  t h e i r  
c o w s  d u r i n g  th e  t h r e e  c a s e s  of  m u t u a l - g r o o m s  o b s e r v e d  w e r e  s i g n i f i ­
c a n t l y  l o n g e r  than  c o w  t o  c a l f  s o c i a l - g r o o m s  ( M a n n - W h i t n e y  T e s t ;
< 0 . 0 5 ,  n = 3, m  = 3 2 ) ,
N o s e
A n  i n d i v i d u a l  u s u a l l y  d i s p l a y e d  a n o s e  a n d  th e n  m o v e d  a w a y  
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w i t h o u t  a n y  a p p a r e n t  r e a c t i o n  f r o m  t h e  o t h e r  e l k  (60.0%; 15 of  2 5).  
N o s e s  s o m e t i m e s  l e d  to  a g g r e s s i v e  a c t s  b y  th e  r e c i p i e n t  o f  th e  n o s e  
(24.0%; 6 o f  2 5 ) .  T h e  d o m i n a n t  a n i m a l  d i s p l a y e d  a g g r e s s i v e l y  t o w a r d  
t h e  s u b  d o m i n a n t  e l k  in  t h e s e  c a s e s .  N o s e s  i n f r e q u e n t l y  l e d  to  m u t u a l - 
g r o o m s  a n d ,  w h e n  p e r f o r m e d  t o  b e d d e d  c a l v e s ,  d i s p l a c e m e n t s  (both  
8.0%; 2 o f  2 5) .
N o s e  - t o  - n o s e
A g g r e s s i v e  a c t s  f o l l o w e d  n o s e - t o - n o s e s  l e s s  f r e q u e n t l y  th a n  
t h e y  f o l l o w e d  n o s e s  (8.3%; 8 of  96) ( F i g .  3 ) .  A p p a r e n t l y  a n o s e - t o -  
n o s e  w a s  u s e d  a s  a f o r m  o f  a g g r e s s i o n  a s  C o w  2 i n i t i a t e d  t h i s  b e h a v i o r  
t o w a r d  a b e d d e d  f e m a l e  y e a r l i n g  w i t h  the  c o w ' s  e a r s  f l a t t e n e d .  T h e  
y e a r l i n g  s t o o d ,  and  t h e  c o w  s o o n  l a y  in h e r  p l a c e  (a s u p p l a n t ) .  A g g r e s ­
s i v e  e n c o u n t e r s  t w i c e  f o l l o w e d  n o s e - t o - n o s e s .
N o n  c o w - c a l f  p a i r  n o s e - t o - n o s e s  w e r e  u s u a l l y  t e r m i n a t e d  b y  
o n e  o r  b o t h  p a r t i c i p a n t s  q u i c k l y  m o v i n g  a w a y .  A p p a r e n t  a t t e m p t s  to  
p e r f o r m  a n o s e - t o - n o s e  w e r e  t h w a r t e d  b y  o n e  i n d i v i d u a l  m o v i n g  i t s  
n o s e  a w a y  f r o m  th e  o t h e r  e l k .
M o u n t ,  T h r o a t - p l a c e  an d  C h e s t - b u m p  
b y  E l k  O t h e r  than  R u t t in g  M a l e s
M o u n t s  a n d  t h r o a t - p l a c e s  ( e a c h  44.4%; 2 0  o f  45)  were m o r e  
c o m m o n  t h a n  c h e s t - b u m p s  (11.1%; 5 o f  4 5 )  in  th e  45 p e r f o r m a n c e s  o f  
t h e s e  b e h a v i o r s  w i t h i n  33 e n c o u n t e r s  ( F i g .  4 ) .
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M o u n t s ,  t h r o a t - p l a c e s ,  and  c h e s t - b u m p s  w e r e  p e r f o r m e d  in  
s e v e r a l  c o n t e x t s  a n d  i n  a s s o c i a t i o n  w i t h  a v a r i e t y  of  o t h e r  d i s p l a y s .  
E l k  o f  t h e  s a m e  s e x - a g e  c l a s s  p e r f o r m e d  o n e  o r  m o r e  of  t h e s e  
b e h a v i o r s  to  o n e  a n o t h e r  (36.4%; 12 o f  33 e n c o u n t e r s ) ,  s u b  d o m in a n t  
e l k  p e r f o r m e d  to  d o m i n a n t  e l k  (3 6.4%; 12 of  3 3) ,  and  d o m i n a n t  e l k  
p e r f o r m e d  to  s u b d o m i n a n t  e l k  (2 7.3%; 9 o f  3 3 ) .  F r e q u e n t l y  o n e  o r  
m o r e  o f  t h e s e  t h r e e  d i s p l a y s  w e r e  e x e c u t e d  w i t h o u t  o t h e r  d i s p l a y s  
(42.4%; 14 of  3 3 ) .
A g g r e s s i v e  a c t s  (24.3%; 8 o f  3 3 ) ,  n o s e s  (12.1%; 4 of  33 ) ,  
p l a y f u l  a c t s  (9.1%; 3 of  3 3 ) ,  n o s e - t o - n o s e s ,  d i s p l a c e s  (both  6.1%;
2 of  3 3 ) ,  and  a g r o o m  (3.0%; 1 o f  33)  w e r e  p e r f o r m e d  in  e n c o u n t e r s  
th a t  a l s o  i n c l u d e d  m o u n t s ,  t h r o a t - p l a c e s ,  o r  c h e s t  - b u m p s .
F e m a l e  y e a r l i n g s  p e r f o r m e d  m o u n t s  to  o t h e r  y e a r l i n g s  e ig h t  
t i m e s ,  t o  c o w s  f o u r  t i m e s ,  a n d  to  Ld" o n c e .  T w o  f e m a l e  y e a r l i n g s  
a l t e r n a t e l y  p e r f o r m e d  m o u n t s  a n d  n o s e s  to  o n e  a n o t h e r .  S p i k e s  
p e r f o r m e d  c h e s t - b u m p s  and  m o u n t s  to  o n e  a n o t h e r ,  t h r o a t - p l a c e s  and  
m o u n t s  to  f e m a l e  y e a r l i n g s ,  and  c h e s t - b u m p s  and  m o u n t  to  c o w s .
C a l f  3 a n d  C a l f  4 p e r f o r m e d  m o u n t s  to  t h e i r  m o t h e r s  t h r e e  t i m e s ,  and  
C a l f  4 o n c e  p e r f o r m e d  a t h r o a t - p l a c e  t o  h i s  m o t h e r .  A c o w  o n c e  
p e r f o r m e d  a t h r o a t - p l a c e  to  Sc/  a f t e r  d i s p l a y i n g  s i x  h e a d - h i g h s  and a  
f o r e f o o t  k i c k .
D u r i n g  t h e  r u t ,  5pt p e r f o r m e d  m o u n t s  to  L cT t h r e e  t i m e s  - -  
o n c e  a l o n e ,  o n c e  b e f o r e  a s p a r ,  a n d  o n c e  a f t e r  a s p a r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
62
H e a d - u p  T w i s t  
E l k  p e r f o r m e d  h e a d - u p  t w i s t s  w h e n  p e s t e r e d  b y  i n s e c t s ,  
a l e r t e d  b y  h u m a n s  o r  h u m a n  n o i s e ,  t h w a r t e d  in  a t t e m p t s  to c r o s s  
u n d e r  a  f e n c e ,  d i s p l a y e d  a g g r e s s i v e l y  t o w a r d  b y  a d o m i n a n t  i n d iv i d u a l  
( s e e  R e d i r e c t e d  A g g r e s s i o n  f o r  an  e x a m p l e ) ,  o r  w h e n  r e c e i v i n g  a 
s e x u a l  a p p r o a c h .
A g g r e s s i v e  A c t s  and  H i e r a r c h i c a l  R e l a t i o n s h i p s  
A g g r e s s i v e  a c t s  w e r e  i m p o r t a n t  in  m a i n t a i n i n g  i n d i v i d u a l  
d i s t a n c e s ,  e s t a b l i s h i n g  h i e r a r c h i c a l  r e l a t i o n s h i p s ,  and e n a b l i n g  b u l l s  
to  h o l d  h a r e m s .  T h e  c l o s e r  t w o  i n d i v i d u a l s  w e r e ,  t h e  more l i k e l y  an  
a g g r e s s i v e  a c t  w o u l d  o c c u r  b e t w e e n  t h e m .  W h e n  th e  h e a d s  of  tw o  
i n d i v i d u a l s  (not a c o w - c a l f  p a i r )  w e r e  c l o s e r  than  a b o u t  1 m ,  u s u a l l y  
o n e  o r  b o t h  e l k  q u i c k l y  m o v e d  a w a y  o r  d i s p l a y e d  a g g r e s s i v e l y .  M o s t  
a g g r e s s i v e  a c t s  r e s u l t e d  in  o n e  o r  b o t h  e l k  q u i c k l y  m o v i n g  away.
S o m e  a g g r e s s i v e  a c t s ,  s u c h  a s  c h a r g e s  and  a n t l e r  d i s p l a y s ,  w e r e  
i n i t i a t e d  w h e n  the  p a r t i c i p a n t s  w e r e  a s  f a r  a p a r t  a s  5 and 20  m ,  
respectively. A g g r e s s i v e  e n c o u n t e r s  i n c l u d e d  f r o m  o n e  t o  e i g h t  
a g g r e s s i v e  a c t s .  M o r e  th a n  o n e  t y p e  of a c t  ( a n t l e r  d i s p l a y ,  b i t e ,  k i c k ,  
e t c .  ) w e r e  e x h i b i t e d  in  s o m e  e n c o u n t e r s  20  of  1 87 ) .
H e a d - h i g h
H e a d - h i g h s  t e m p o r a l l y  i s o l a t e d  f r o m  o t h e r  a g g r e s s i v e  a c t s  
c o m p r i s e d  a b o u t  o n e - t h i r d  o f  a l l  a g g r e s s i v e  a c t s  (33.5%) ( T a b l e  6).
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T a b l e  6 .  N u m b e r  o f  a g g r e s s i v e  e n c o u n t e r s  and a g g r e s s i v e  a c t s  b y  
G r o u p  1 e l k  (1 A p r i l - 1 1  N o v e m b e r )  and r u t t in g  b u l l s  (31 
A u g u s t - 1 1  N o v e m b e r ) .
G r o u p  1 e l k
R u t t in g  b u l l s  and  
G ro u p  1 e l k  w i t h  
r u t t i n g  b u l l s
D i s p l a y E n c o u n t e r s A c t s E n c o u n t e r s  A c t s
H e a d - h i g h 91 122 3^ 3^
K i c k 87 122 14 14
F o r e f o o t 68 85 13^ 1 3 2
F l a i l 9 26 l l  ^1
,R e a r 10 11 ---------- ----
B i t e 69 90 3 I 3^
A n t l e r  d i s p l a y 22 22 12^ 15^
H e a d  - p u s h 8 8 _ _ ---
S p a r --- - —  — 18 1063
T o t a l 187 3 6 4 50 141
^ P e r f o r m e d  b y  c o w s  o r  C a l f  1, 
P e r f o r m e d  b y  r u t t i n g  b u l l s .
3 3 3 o f  106  p e r f o r m e d  b y  S d" o r  La'
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H e a d - h i g h s  in  c o m b i n a t i o n  w i t h  o t h e r  a g g r e s s i v e  a c t s  w e r e  c o n s i d e r e d  
c o n s e r v a t i v e l y  a s  p a r t  o f  th e  o t h e r  d i s p l a y s  ( F i g .  5 ) .  H e a d - h i g h s  w e r e  
t h e  o n l y  a g g r e s s i v e  a c t  p e r f o r m e d  in  4 0 .1  p e r c e n t  o f  th e  a g g r e s s i v e  
e n c o u n t e r s  (75 o f  1 8 7 ) .  C o w s ,  f e m a l e  y e a r l i n g s ,  s p i k e s ,  an d  c a l v e s  
e x e c u t e d  h e a d - h i g h s .  T h e  e l e v a t i o n  of  th e  m u z z l e  g e n e r a l l y  c o o r d i ­
n a t e d  w i t h  t h e  s t a n c e  of  t h e  d i s p l a y e r  and  w h e t h e r  o r  n o t  t h e  d i s p l a y  
w a s  c o m b i n e d  w i t h  o t h e r  a g g r e s s i v e  a c t s  ( T a b l e  7) .  T h e  e a r s  w e r e  
f l a t t e n e d  a t  l e a s t  h a l f - w a y  d u r i n g  m o s t  h e a d - h i g h s  (83.7%; 36 of  43  
r e c o r d e d ) .
T a b l e  7. T h e  a n g l e  of  th e  h e a d  d u r i n g  h e a d - h i g h s  i s o l a t e d  f r o m  and  in  
c o n j u n c t i o n  w i t h  o t h e r  a g g r e s s i v e  a c t s .
H e a d - h i g h s
X
( d e g r e e s )
s
( d e g r e e s ) n
W h i l e  b e d d e d 81.25 2 5 . 6 0 8
W h i l e  s t a n d i n g 37.06 2 5 . 0 5 53
W h i l e  s t a n d i n g  and  
a c c o m p a n i e d  w i t h
F o r e f o o t  k i c k 22.78 1 9 . 5 4 9
B i t e 42.04 27.24 22
F l a i l 64.38 2 3 .2 1 8
R e a r 7 0 .0 0 8 .6 7 3
H e a d - l o w
H e a d - l o w s  a c c o m p a n i e d  b y  f o r e f o o t  k i c k s  w e r e  o b s e r v e d  f o u r
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w it h  a h e a d - h i g h  a nd  a f o r e f o o t  k i c k .
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t i m e s .  T h e  e l k  k i c k e d  b o t h  f o r e f e e t  f o r w a r d  s i m u l t a n e o u s l y  in tw o  of  
t h e s e  d i s p l a y s .  A p p r o a c h e s  w i t h  the  h e a d  lo w  w i t i io u t  a f o r e f o o t  k i c k  
w e r e  r e c o r d e d  a s  b i t e s  oi- c h a r g e s .
K i c k
K i c k s  c o m p r i s e d  abo u t  o n e - t h i r d  of  a l l  a g g i ' e s s i v e  a c t s  
(33.5 y j ,  and  a l m o s t  h a l f  of  a l l  aggressive e n c o u n t e r s  i n c l u d e d  k i c k s  
( 4 6 .5  y,; 87 of 187)  ( F i g .  5) .  M o s t  k i c k s  w e r e  f o r e f o o t  k i c k s ,  f l a i l s  
and  r e a r s  w e r e  l e s s  c o m m o n .
T h e  f o r e f o o t  u s u a l l y  r e a c h e d  n o  h i g h e r  th a n  abou t  0 .5  m  
d u r i n g  a f o r e f o o t  k i c k ,  o r  a b o u t  4 5 °  a b o v e  the  h o r i z o n t a l .  T h e  h i g h e s t  
f o r e f o o t  k i c k  o b s e r v e d  r e a c h e d  th e  s h o u l d e r - h e i g h t  of the  d i s p l a y e r .  
B o t h  f o r e f e e t  w e r e  k i c k e d  f o r w a r d  s i m u l t a n e o u s l y  on s e v e r a l  o c c a ­
s i o n s .  O n c e  t h r e e  s u c h  " d o u b l e - k i c k s " w e r e  d e l i v e r e d  in  r a p id  
s u c c e s s i o n .  S t a m p s  w e r e  a v a r i a t i o n  of  th e  f o r e f o o t  k i c k .  H e a d - h i g h s  
f r e q u e n t l y  w e r e  c o m b i n e d  w i t h  f o r e f o o t  k i c k s  ( 3 2 4 0  of  1 2 2 ) .
C o w s ,  f e m a l e  y e a r l i n g s ,  s p i k e s ,  and  c a l v e s  p e r f o r m e d  k i c k s ,  
but  a c t u a l l y  c o n t a c t e d  th e  o t h e r  i n d i v i d u a l s  on o n l y  f o u r  o c c a s i o n s .
B i t e
A l m o s t  o n e  - f o u r t h  o f  a l l  a g g r e s s i v e  a c t s  w e r e  b i t e s  { 2 4 . 1 % ) ,  
a nd  m o r e  th a n  o n e - t h i r d  of  a l l  a g g r e s s i v e  e n c o u n t e r s  i n c l u d e d  t h i s  
a c t  ( F i g .  6 ) .
H e a d - p o s i t i o n  w h i l e  p e r f o r m i n g  a b i t e  ( - 4 5 °  t o  8 0 ° )  d e p e n d e d  
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on f i v e  f a c t o r s :  t h e  r e l a t i v e  l o c a t i o n s  o f  th e  i n d i v i d u a l s ,  th e  r e l a t i v e
s i z e s  o f  t h e m ,  th e  p a r t  of  t h e  b o d y  at w h i c h  the  b i t e  w a s  d i r e c t e d ,  
w h e t h e r  th e  n o s e  w a s  d i r e c t e d  s l i g h t l y  a w a y  f r o m  th e  o t h e r  i n d i v i d u a l ,  
and w h e t h e r  t h e  d i s p l a y e r  p e r f o r m e d  a c h a r g e  (A p p e n d ix  V).
C o w s ,  f e m a l e  y e a r l i n g s ,  and ,  o c c a s i o n a l l y ,  s p i k e s  p e r f o r m e d  
b i t e s .  T h e  d i s p l a y e r  c o n t a c t e d  th e  i n d i v i d u a l  d u r in g  a b i t e  o n l y  o n c e .
A n t l e r  D i s p l a y
L^'hs and S ' ' s  o c c a s i o n a l  e x h i b i t i o n  o f  a n t l e r  d i s p l a y s  c o m ­
p r i s e d  6 ,0  p e r c e n t  of  a l l  a g g r e s s i v e  a c t s ,  A n t l e r  d i s p l a y s  w e r e  o f t e n  
p e r f o r m e d  d u r i n g  b o u t s  o f  p l a y .  M o s t  d i s p l a y s  w e r e  s h a l l o w  h e a d  
b o b b i n g  w i t h o u t  c o n t a c t  w i t h  a n o t h e r  i n d i v i d u a l ,  L ' o n c e  c o n t a c t e d  
a c o w ' s  f a c e  w i t h  h i s  a n t l e r s ,  and h e  o n c e  l o w e r e d  h i s  n o s e  a l m o s t  to  
t h e  g r o u n d  w h i l e  b o b b i n g  h i s  h e a d .  T h e  s p i k e s  p e r f o r m e d  a n t l e r  
d i s p l a y s  t o w a r d  f e m a l e  y e a r l i n g s ,  c o w s ,  and c a l v e s ,  but  w e r e  not  
o b s e r v e d  p e r f o r m i n g  t h i s  d i s p l a y  to  o n e  a n o t h e r .
H e a d - p u s h
H e a d  - p u s h e s  o c c u r r e d  r a r e l y ,  but  c o m p r i s e d  o v e r  h a l f  of  
t h e  p h y s i c a l  c o n t a c t s  o c c u r r i n g  d u r i n g  a g g r e s s i v e  a c t s  (57.1%; 8 of  
14) ,  B e d d e d  i n d i v i d u a l s  w e r e  d i s p l a c e d  b y  h e a d - p u s h e s  on  f o u r  
o c c a s i o n s .  M a l e s  e x e c u t e d  m o s t  h e a d - p u s h e s  (72.7%; 8 of  11); th e  
r e s t  w e r e  p e r f o r m e d  b y  a c o w ,  a  f e m a l e  y e a r l i n g ,  and C a l f  1. H e a d -  
p u s h e s  w e r e  d i r e c t e d  a g a i n s t  h e a d s ,  n e c k s ,  and  r u m p s .
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S p a r
A l t h o u g h  I.o' and  So' did  n o t  p e r f o r m  spars w it h  e a c h  other, 
t h e y  e x e c u t e d  s p a r s  w i t h  b u l l s  d u r i n g  th e  r u t .  During a p l a y  bou t  on  
30 April, t h e  s p i k e s ,  t h e n  w i t h o u t  a n t l e r s ,  l e a n e d  t h e i r  h e a d s  d o w n ­
w a r d  f a c i n g  o n e  a n o t h e r  and e a c h  b o b b e d  h i s  h e a d  s e v e r a l  t i m e s  d u r in g  
e a c h  of t w o  " s p a r s .  "
S e x - a g e  C l a s s e s  Comparison a n d 
H i e r a r c h i c a l  H e l a t i o n s h i p s
T h e  f 1 e q u e n c y  of  u s e  of  h e a d - h i g h s ,  b i t e s ,  and  f o r e f o o t  k i c k s  
d i s p l a y e d  b y  s p i k e s ,  c o w s ,  and  f e m a l e  y e a r l i n g s  w a s  not  s i g n i f i c a n t l y  
d i f f e r e n t  (p^O.lO, = 7.86, 4 df).  Spikes a l s o  d i f f e r e d  f r o m  the  
f e m a l e  y e a r l i n g s  and  c o w s  in  t h e i r  u s e  o f  a n t l e r  d i s p l a y s  and  t h e i r  
m o r e  f r e q u e n t  p e r f o r m a n c e  of  h e a d - p u s h e s .  C a l v e s  i n f r e q u e n t l y  
d i s p l a y e d  a g g r e s s i v e l y .
A n i n d i v i d u a l  w o n  an  a g g r e s s i v e  e n c o u n t e r  b y  c a u s i n g  
a n o t h e r  e l k  t o  f a c e  a w a y  f i r s t  a n d ,  u s u a l l y ,  b y  d e l i v e r i n g  the  f i n a l  
a g g r e s s i v e  a c t .  If t h e  e l k  w h i c h  f a c e d  a w a y  f i r s t  w a s  not  r e c o r d e d ,  
t h e  p a r t i c i p a n t  w h i c h  l a s t  d i s p l a y e d  a g g r e s s i v e l y  w a s  c o n s i d e r e d  th e  
winner.
T h e  h i e r a r c h y  f o r  t h e  s e x - a g e  c l a s s e s  w a s  d e d u c e d  f r o m  th e  
n u m b e r s  o f  e n c o u n t e r s  w o n  an d  l o s t  b e t w e e n  g r o u p s  ( T a b l e  8) a n d  th e  
p r o p o r t i o n  o f  e n c o u n t e r s  w o n  relative to t h e  e n c o u n t e r s  engaged in .
T h e  p r o p o r t i o n  of e n c o u n t e r s  won/engaged in  f o r  c o w s ,  spikes, f e m a l e
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y e a r l i n g s ,  and  c a l v e s  w e r e  0 , 9 5 ,  0 . 3 9 ,  0 . 1 8 ,  and 0 . 0 6 ,  r e s p e c t i v e l y .
C o w s  a l m o s t  i n v a r i a b l y  w o n  c o w  to  n o n - c o w  a g g r e s s i v e  e n c o u n t e r s ;  
spikes o f t e n  w o n ,  f e m a l e  yearlings i n f r e q u e n t l y  w o n ,  and c a l v e s  
r a r e l y  w o n  (or  t o o k  p a r t  in )  e n c o u n t e r s  w i t h  e l k  not  of  th c i i '  s e x - a g e  
c l a s s .  T h e  h i e r a r c h y  w a s ,  f r o m  m o s t  to  l e a s t  d o m in a n t :  c o w s ,  
s p i k e s ,  f e m a l e  y e a r l i n g s ,  and  c a l v e s .  T h e  d o m i n a n c e  of s p i k e s  over-  
f e m a l e  y e a r l i n g s  i n c r e a s e d  b e t w e e n  A p r i l  and  O c t o b e r .  T h e  s p i k e s  
w o n  a g g r e s s i v e  e n c o u n t e r s  w i t h  c o w s  w h e n  the  s p i k e s  w e r e  s m a l l e r -  
th a n  th e  c o w s  a nd ,  in t h r e e  o f  t h e  f o u r  c a s e s ,  w i t h o u t  a n t l e r  d i s p l a y s .  
C a l v e s  and  f e m a l e  y e a r l i n g s  n e v e r  d i s p l a y e d  a g g r e s s i v e l y  t o w a r d  c o w s ,
T a b l e  8 .  A g g r e s s i v e  e n c o u n t e r s  o f  th e  s e x - a g e  c l a s s e s  of  e l k .  T h e  
num ber-  of  aggressive e n c o u n t e r s  w o n  are arranged horn - 
z o n t a l l y ,  a n d  t h e  num ber'  l o s t ,  v e r t i c a l l y .
" - - - _ _ ^ o s e r s  
W inners"^-- .. . C ow s
M a le
y e a r l i n g s
F  enna le  
y e a r l i n g s C a l v e s T o t a l
C ow s --- 36 3 8 9 83
M a le  y e a r l i n g s 4 ---- 2 3 2 29
F e m a l e  y e a r l i n g s 0 9 --- 5 14
C a l v e s 0 0 1 ---- 1
T o t a l 4 45 62 16 ----
A c a l f  w o n  o n l y  o n e  e n c o u n t e r  w i t h  a n o n - c a l f ;  a f e m a l e  
y e a r l i n g  t u r n e d  a nd  w a l k e d  f r o m  C a l f  1 a f t e r  t h e  c a l f  p e r f o r m e d  a 
h e a d - h i g h .  A m o n g s t  th e  c a l v e s .  C a l f  1 w a s  c l e a r l y  d o m i n a n t .  C a l f  I ' s
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c o n f i d e n c e  w a s  s h o w n  b y  h e r  r u n n i n g  3 m  t o w a r d  l A ,  a l a r g e  h a r e m  
b u l l ,  an d  d i r e c t i n g  a h e a d - h i g h  at  h i m .  O t h e r  than C a l f  1, n o t h in g  c a n  
b e  s t a t e d  a b o u t  th e  i n d iv i d u a l  h i e r a r c h y  b e c a u s e :  m o s t  c ow  - co w  in t e i ' -
a c t i o n s  w e r e  b e t w e e n  e l k  not  i d e n t i f i e d  at the t i m e  of th e  e n c o u n t e i '
(7 0 . Of,; 14 o f  20);  th e  f e m a l e  y e a r l i n g  d a ta  w c i -e  g r o u p e d ;  th e  s p i k e s  
r a r e l y  d i s p l a y e d  a g g i - e s s i v e l y  t o w a r d  o n e  a n o t h e r ;  and the  c a l v e s  
i n f r e q u e n t l y  d i s p l a y e d  a g g r e s s i v e l y .
O n l y  t h r e e  e n c o u n t e r s  i n c l u d i n g  a g g r e s s i v e  a c t s  t o o k  p l a c e  
b e t w e e n  L and S d u r i n g  th e  h u n d r e d s  o f  h o u r s  of o b s e r v a t i o n  of  
t h e m  w i t h i n  th e  s a m e  group. O n e  of  t h e s e ,  on 30 A p r i l ,  t o o k  p l a c e  
d u r i n g  a p l a y  b o u t .  T h e  o t h e r  tw o  e n c o u n t e i ’S w e r e  s i n g l e  h e a d - h i g h s  
d i s p l a y e d  by k  >\ D u r i n g  o n e  of  t h e s e  h e a d - h i g h s .  S o ’ w a s  l o o k i n g  
a w a y .  I ’h e  s p i k e s  f r e q u e n t l y  g r a z e d ,  b r o w s e d ,  b e d d e d ,  and  t r a v e l l e d  
n e a r  o n e  a n o t h e r .
T w o - y e a r - o l d  b u l l s  w e r e  a p p a r e n t l y  su b  d o m i n a n t  to  c o w s ,  
but 2^-year-old b u l l s  b o t h  w o n  and  l o s t  e n c o u n t e r s  w i t h  c o w s  d u r in g  
th e  r u t .  A 4 - p o in t  b u l l  e n t e r e d  a g r o u p  of f o u r  c o w s ,  tw o  c a l v e s ,  and  
th e  s e v e n  y e a r l i n g s  on  24  A p r i l .  C ow  1 and at l e a s t  one  o t h e r  c o w  
d i s p l a y e d  a g g r e s s i v e l y  t o w a r d  h i m  s i x  t i m e s ,  f o r  a t o t a l  of  f i v e  h e a d -  
h i g h s ,  t h r e e  b i t e s ,  and  t w o  f o r e f o o t  k i c k s ,  d u r i n g  th e  2 h o u r s  h e  w a s  
in  th e  g r o u p .  On 16 S e p t e m b e r ,  a c o w  w a l k e d  6 m to 5pt and  d i s ­
p l a y e d  an 8 0 °  h e a d - h i g h  f o r  a b o u t  4 s e c o n d s .  T h e  c o w  and 5pt  
p e r f o r m e d  f l a i l s .  S h e  t h e n  chased th e  b u l l  s i x  trotting s t e p s .  T h e
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f e w  a g g r e s s i v e  a c t s  c o w s  d i r e c t e d  t o w a r d  6 - p o i n t  b u l l s  a p p e a r e d  
d e f e n s i v e  in n a t u r e .  F i v e - p o i n t  b u l l s  c o n t r o l l e d  h a r e m s  p o o i ' l y .  B u l l s  
3 l  y e a r s  o ld  and o l d e r  w e r e  c l e a r l y  d o m i n a n t  o v e r  y o u n g e r  b u l l s ,  
c o w s ,  y e a r l i n g s ,  a n d  c a l v e s .
T o  c o m p a r e  t h e  f r e q u e n c y  of  aggressive encounters w i t h i n  
a n d  b e t w e e n  th e  s e x - a g e  c l a s s e s ,  the  n u m b e r  of  aggressive e n c o u n t e r s  
w e r e  d i v i d e d  b y  th e  n u m b e r  o f  i n d i v i d u a l s  w i t h i n  e a c h  s e x - a g e  c l a s s  
o r  b y  t h e  n u m b e r  o f  i n d i v i d u a l s  in  e a c h  p a i r  o f  c l a s s e s  b e i n g  c o m p a r e d  
( T a b l e  9) .  T h f ' s e  d a ta  s h o w :  1) c o w s  m o r e  o f t e n  d i s p l a y e d  a g g r e s ­
s i v e l y  t o w a r d  y e a r l i n g s  than  to  c o w s ;  2) s p i k e s  f r e q u e n t l y  d i s p l a y e d  
a g g r e s s i v e l y  to  f e m a l e s  but  i n f r e q u e n t l y  to  o n e  a n o t h e r ;  3) f e m a l e  
yearlings w e r e  m o r e  o f t e n  i n v o l v e d  in  a g g r e s s i v e  e n c o u n t e r s  w i t h  
other y e a r l i n g s  ( m a l e  o r  f e m a l e )  th an  w i t h  c o w s ;  4) c a l v e s  w e r e  m o r e  
o f t e n  i n v o l v e d  in e n c o u n t e r s  w i t h i n  t h e i r  own c l a s s  than b e t w e e n  
c l a s s e s ,  and o l d e r  e l k  g e n e r a l l y  did  not  d i s p l a y  a g g r e s s i v e l y  t o w a r d  
c a l v e s .
D i s p l a c e  a n d  S u p p la n t
E l k  u s u a l l y  p e r f o r m e d  d i s p l a c e s  and  s u p p l a n t s  to  i n d i v i d u a l s  
of  a s u b d o m i n a n t  s e x - a g e  c l a s s  (64.7%; 11 of 17) ( F i g .  7). D i s p l a c e s  
were m o r e  c o m m o n  th a n  s u p p l a n t s  (88.2'1%; 15 of 17). M o st  d i s p l a c e s  
a nd  s u p p l a n t s  i n c l u d e d  a g g r e s s i v e  b e h a v i o r  ( f o r e f o o t  k i c k s ,  f o r e f o o t  
s t a m p s ,  h e a d - h i g h s ,  antler-dis plays, h e a d - p u s h e s )  (82.4%; 14 of  17),
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T a b l e  9. F i ' e q u e n c y  o f  a g g r e s s i v e  e n c o u n t e r s  w i t h i n  and b e t w e e n  the  
s e x - a g e  c l a s s e s .
Ranlv f r o m  
m o s t  to  
l e a s t  f r e q u e n t S e x - a g e  c l a s s e s
N u m b e r  of  
a g g r e s s i v e  e n c o u n t e r s /  
n u m b e i-  of e lk
I s p i k e s  and 4 y e a r l i n g s 4.6 (32/7)
2 s p i k e s  and c o w s 4.4 (40/9)
3 9 yearlings 4.2 (21/5)
4 c a l v e s 3.8 (15/4)
5 c o w s  and 2 y e a r l i n g s 3.2 (38/12)
6 c ow s 2.0 (20/7)
7 s p i k e s 1.5 (3/2)
8 c o w s  and c a l v e s 0.8 (9/11)
9 9 y e a i - l i n g s  and c a l v e s 0.7 (6/9)
10 s p i k e s  and c a l v e s 0.3 (2/6)
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F ig .  7. A n o s e  and a fo r e fo o t  k ick  p e r f o r m e d  b y  a sp ik e  to  a bedded  
f e m a l e  y e a r l in g  be fo re  a d i s p l a c e .
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some of which included contact <35.7%; 5 of 14).
C o w s ,  f e m a l e  y e a r l i n g s ,  s p i k e s ,  and C a l f  1 p e r f o r m e d  
d i s p l a c e s  o r  s u p p l a n t s . I n d iv id u a ls  r e c e i v e d  n o s e s  b e f o r e  s ta n d in g  in 
t h r c e  c a s e s .  S tan din g  beside a b e d d ed  e lk  c a u s e d  it to s tan d  on two  
o c c a s i o n s .  Bedded e lk  performed 10 h e a d - h i g h s  to s ta n d in g  e lk  and  
were not dis]ilaced.
R e d i r e c t e d  A g g r e s s i o n
O n e  i n s t a n c e  of apparent r e d i r e c t e d  a g g r e s s i o n  w a s  o b s e r v e d .  
On 31 J u ly ,  Cow 1 p e r f o r m e d  a h e a d - h i g h ,  f o l l o w e d  by  a forefoot k ic k  
(with c o n t a c t )  to a s t a n d in g  cow. The  cow r a n  6 m ,  and gi oomed the  
s i d e  h it  b y  Cow 1. T h e  c ow  then  tu r n e d  to a n e a r b y  f e m a l e  yearling 
and performed t h r e e  h e a d - h i g h s ,  c a u s i n g  the  y e a r l i n g  to m o v e  a w a y .  
T h e  c o w  and the yearling e a c h  p e r f o r m e d  at l e a s t  two h ea d  -up t w i s t s .
B e a d - o f f  and T u rn
Head-offs i n c lu d e d  f o r e f o o t  k i c k s ,  b i t e s ,  and h e a d - h i g h s .  In 
s o m e  c a s e s ,  the d i s p l a y e r  i n c r e a s e d  h e r  s p e e d  f r o m  a w a lk  to  a trot  
in  o r d e r  to  o v e r t a k e  the  o t h e r  in d iv i d u a l ( s )  ( F ig .  8) . In r e s p o n s e  to  
r e c e i v i n g  a h e a d - o f f ,  the  individual(s) s t o p p e d  l o c o m o t i n g ,  tu r n e d  
a w a y  w h i l e  l o c o m o t i n g ,  c o n t in u e d  on t h e i r  way a p p a r e n t l y  u n i n t e r ­
r u p te d ,  o r  l o c o m o t e d  f a s t e r .  One c ow  s t o p p e d  fo u r  e lk  f r o m  running, 
and a n o t h e r  c o w  s t o p p e d  f o u r  e lk  from t r o t t in g  by  m o v in g  a h e a d  of the  
group, q u i c k l y  t u r n in g  a r o u n d  to f a c e  t h e m ,  and d i s p l a y i n g  a h e a d - h i g h .
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F ig .  8. A h e a d -o f f  and a tu i’n p e r f o r m e d  by a cow to anoth er  cow
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R e p e a t e d  h e a d - o f f s  w e r e  p e r f o r m e d  in  a few  c a s e s .  T w o  in d iv id u a l s  
t r o t t i n g  a l o n g s i d e  a n o t h e r  in a p p a r e n t  a t t e m p t s  to ge t  a h e a d  of  the  
o t h e r ,  o c c u r r e d  fo u r  t i m e s .
h c h a s e d  Cow 3 on 11 J u ly  fo r  30 s e c o n d s ,  d i s p l a y in g  two  
h e a d - o f f s . She p e r f o r m e d  a jaw  a s  the  s e c o n d  head-off s to p p e d  h e r  
r u n n in g .  L ' then  p e i T o r m e d  a c h a s e  and a h e a d - o f f  to a f e m a l e  
y e a r l i n g .
A unique  o c c u r i ' c n c e  of tw o  in d iv id u a l s  p e r f o r m i n g  h e a d - o f f s  
to a th ir d  e lk  to o k  p l a c e  on 2 9 A p r i l .  A s  fo u r  c o w s  t r o t t e d  d o w n h i l l ,  
one  c o w  p e r f o r m e d  a h e a d - o f f  to th e  co w  to h e r  le f t  and d i s p l a y e d  a 
h e a d - h i g h .  The  s e c o n d  c o w  v e e r e d  to h e r  le f t  and c o n t in u e d  t r o t t in g  
d o w n h i l l .  A th ir d  c o w ,  on th e  s e c o n d  c o w ' s  l e f t  s i d e ,  d i s p l a y e d  a 
h e a d - o f f  and a f o r e f o o t  k ic k ,  s t o p p in g  the c o w .
D a i l y  A c t i v i t y  C y c l e  
D a i l y  a c t i v i t y  data  w e r e  o b ta in e d  f o r  Group 1 e lk .  A t o t a l  of 
2 2 , 5 0 3  b i t s  of data  w e r e  r e c o r d e d  at 2 ,2  58 3 - m i n u t e  i n t e r v a l s  f r o m  
1 J u l y  to  2 S e p t e m b e r .  B e c a u s e  c a l v e s  w e r e  m o s t  e a s i l y  o b s c u r e d  b y  
b r u s h  and t a l l  g r a s s ,  l e s s  a c t i v i t y  data  are a v a i l a b l e  f o r  them than f o r  
the  o t h e r  g r o u p s .  If t h e s e  data  had b e e n  recorded in ad d i t io n  to the  
1 0 ,0 6 9  a c t i v e  b i t s  a c t u a l l y  r e c o r d e d ,  a c t i v e  data  f o r  a l l  e lk  w o u ld  b e  
i n c r e a s e d  f r o m  abou t  45 to  53 p e r c e n t .  S o m e  i n e q u a l i t i e s  of s a m p l i n g  
e l k  g r o u p s  in a c t i v e  and n o n - a c t i v e  t i m e s  of d a y  appeared, in s o m e
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c a s e s ,  to c o n t r i b u t e  to  o r  to d e t r a c t  f r o m  d i f f e r e n c e s  b e t w e e n  the  
g r o u p s .  T h e  data ,  h o w e v e r ,  a r e  c o n s i s t e n t  w i th  m y  s u b j e c t i v e  
i m p r e s s i o n s  aftei '  o b s e r v i n g  t h e s e  a n i m a l s ,
A d iu r n a l  p a t t e r n  of a c t i v i t y  w a s  a p p a r e n t  ( F ig .  9). E lk  
a l m o s t  a l w a y s  l o c o m o t e d  and fed  duihng the 1 s t - 2 n d  h o u r s  and 15th-  
18th h o u r s  a f t e r  s u n r i s e .  ATidday t e m p e r a t u r e s  f r e q u e n t l y  r o s e  to 
ab o u t  3 2 ° C .  E lk  locomoted much l e s s  than th e y  fed  d u r in g  the e a r l y  
m o r n i n g  and e v e n in g  p e r i o d s ;  t l iey  l o c o m o t e d  and fed  m o r e  e q u a l l y  
d u r in g  the  m id d a y  a c t i v e  p e r i o d  (F ig .  10).
T he  p e r c e n t a g e  of t i m e  s p i k e s ,  f e m a l e  y e a i d i n g s ,  and c o w s  
b e d d e d ,  g i -a ze d ,  b r o w s e d ,  and l o c o m o t e d  w e r e  v e r y  s i m i l a r  ( a p p r o x i ­
m a t e l y  5 2 ‘F, 25d,, 3T ,  and 161),, r e s p e c t i v e l y ) .
I n d iv id u a ls  and s e x - a g e  c l a s s e s  d i f f e r e d  in f r e q u e n c y  of s o m e  
a c t i v i t i e s .  C a l v e s  b e d d e d  s i g n i f i c a n t l y  m o r e  and fed  l e s s  than s p i k e s  
(p < 0 . 0 0 0 1 ,  = 1 8 0 .4 ,  1 df) ,  f e m a l e  y e a r l i n g s  (p-^ 0 , 0 0 0 1 ,  X ^ = 2 B 6 . 8 ,
1 df) , and c o w s  ( e x c l u d in g  Cow 2) (p < 0 . 0 0 0 1 ,  X^ = 22 5 .7 ,  1 df),  but  
l o c o m o t e d  w h en  not  f e e d i n g  in v e r y  s i m i l a r  p r o p o r t i o n s  to  t h e s e  
g r o u p s .  T h e  fo u r  c a l v e s  ran more than a l l  other e lk  c o m b i n e d  (2 0 v s .  
19 i n s t a n c e s ) .  Cow 2 ( s e e  B e h a v i o r  of an Old C ow )  s i g n i f i c a n t l y  
b e d d e d  m o r e ,  fed  l e s s ,  and  l o c o m o t e d  l e s s  than  the  o t h e r  c o w s
(p < 0 . 0 0 0 1 ,  X^ = 5 4 .7 ,  2 df) ,  f e m a l e  y e a r l i n g s  (p < 0 .0 0 0 1 ,  X^ = 6 0 .2 ,
2 df),  and  s p i k e s  (p < 0 . 0 0 0 1 ,  X'  ̂ = 5 5 .3 ,  2 df) .  Cow 2 b e d d e d  m o r e ,  fed  
m o r e ,  and l o c o m o t e d  l e s s  than the  c a l v e s  (p < 0 . 0 0 0 1 ,  X “ = 4 8 . 1 ,  2 df) .
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F ig .  9. A c t iv i ty  pattern ,  f ee d in g  and l o c o m o t i o n  c o m b in e d ,  for  a l l  
elk during the s u m m e r  (1 J u l y - 2 4  A u g u s t ) .  S u n r i s e  t i m e s  
in c r e a s e d  f r o m  0445 on 1 Ju ly  to 0545 on 24 A u g ust .  The  
2 S e p te m b e r  data a r e  e x c lu d ed ,  due to the p r o b a b le  
changing in a c t iv i ty  pa t te rn s  brought about by  a rutt ing  
bull.
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F ig .  10, A c t iv i t y  pattern  for  a l l  e lk  during the s u m m e r  (1 J u ly -  
24 A ugust) .  Sol id l in e s  = l o c o m o t i n g  w hen  not fee d in g .  
D a sh ed  l in e s  = fee d in g .  S u n r i s e  t i m e s  i n c r e a s e d  f r o m  
0445 on 1 July  to 0545 on 24 A u gust .  The  2 S e p t e m b e r  
data a r e  ex c lu d ed ,  due to the p r o b a b le  ch a n g in g  in 
a c t iv i t y  brought about by a rutting bul l .
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C ow  2 l o c o m o t e d  w h e n  not f e e d i n g  about h a l f  a s  o f ten  a s  the  o t h e r  e lk .
C o w s  w i th  c a l v e s  i -um inated  m o r e  than a l l  other s e x - a g e  
g r o u p s  ( 18.2"',, of t i m e ) .  T h e y  I'uniinated m o r e  than a l l  c o w s  togeth m -  
(10 .6  k), s p i k e s  ( 0 . 1 'o), f e m a l e  y e a r l i n g s  (7.0%), and c a l v e s  (2.6%).
C ow  2 r u m i n a t e d  m o r e  than any o t h e r  in d iv id u a l  o r  group  (24.1 ).
A s  c a l v e s  aged, th e y  b e d d e d  l e s s ,  g r a z e d  and b r o w s e d  moi e, 
and l o c o m o t e d  l e s s  w h e n  not f e e d i n g  (T a b le  10).  An i n c r e a s e  in 
r u m i n a t i o n  m u s t  h a v e  a c c o m p a n i e d  th i s  i n c r e a s e  in f e e d i n g ,  but the  
data  did not  sh o w  t h i s ,  p r o b a b l y  due to the d i f f i c u l t y  in o b s e r v i n g  
r u m i n a t i o n  in s m a l l e r  in d iv i d u a l s  at the u s u a l  v i e w i n g  d i s t a n c e s .
T h e  t e n d e n c y  of c a l v e s  to b ed  w ith  the  head  down (14.4'%) 
d e c r e a s e d  a s  th e y  a g e d  (T a b le  11). S p ik e s  (6.0%), f e m a l e  y e a r l i n g s  
(3.2'4,), and  c o w s  (1.4'''l) a l s o  b e d d e d  w ith  the head  down. S o m e  i n d i v i d ­
u a l  d i f f e r e n c e s ,  such a s  C a l f  3 b e d d in g  w ith  h i s  h e a d  down 22.0 p e r c e n t  
of  the  t i m e ,  w e r e  d i s p l a y e d  w i th in  e a c h  a c t i v i t y .
W h e n  e lk  f e d ,  t h e y  g r a z e d  8 3 .3  p e r c e n t  and b r o w s e d  11.7  
p e r c e n t  of the t i m e .
E l k  r a r e l y  s t o o d  w h i l e  r u m in a t in g  (0.02%), and s to o d  in 
w a t e r  o r  d r a n k  w a t e r  r a r e l y  (0.02%).
B e h a v i o r  D u r in g  the Rut
A r u t t in g  b u l l  in  the  cow  h e r d  c a u s e d  a m a r k e d  c h a n g e  in 
t h e i r  b e h a v i o r .  T h e  c o w s  w h ic h  had d o m in a t e d  m o s t  or  a l l  of the
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Table 10. Percentage of  t i m e  c a l v e s  s p e n t  b e d d e d ,  f e e d in g ,  
l o c o m o t i n g  w h i l e  not f e e d i n g .
and
A g e  of c a l f P e r c e n t a g e  of t i m e  in a c t i v i t y S a m p le
(in w e e k s ) B e d d e d  F e e d i n g  L o c o m o t i n g s i z e
0-1 6 8 .2  11 .7  20 .1 1,904
2-3 70.1 16.6 13.3 1,181
4-5 56.0 29.8 14.2 900
T a b l e  11. P e r c e n t a g e  of t i m e  c a l v e s  s p e n t  b e d d e d  with the h e a d  down.
P e r c e n t a g e  of t i m e  c a l v e s  s p e n t  b e d d e d
A g e  of  c a l f
w i t h  the  h e a d  down
S a m p l e
(in w e e k s ) Calf 1 Cküf 3 Can 4 CkPn 5 s i z e
0-1 19.3 26.9 18.8 12.3 1,904
2-3 10 .7  15.5 15.8 12.6 1 ,181
4-5 8 .5  1 4 .4  4 . 7  ----- 900
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o th e r  e lk  and t r a v e l l e d ,  fed ,  and bedded  w h e n e v e r  and w h e r e v e r  th ey  
c h o s e ,  b e c a m e ,  a lo n g  w ith  the f e m a l e  y e a r l i n g s ,  r e c ip i e n t s  of a g g r e s ­
s i v e  a c t s ,  h e r d s ,  and s e x u a l  a p p r o a c h e s .  The s p i k e s  r e c e i v e d  
a g g r e s s i v e  a c t s  and c h a s e s  by  the n e w c o m e r ,  and the c a l v e s  r e c e i v e d  
c h a s e s  and herds.
A s u c c e s s f u l  h a r e m  bu l l  d i s p la y e d  a g g r e s s i v e  a c ts  and h e r d s  
to the group o ften  enough to keep th em  bunched to g e th e r ,  but not s o  
often that they  took f l ig h t .  His  a g g r e s s i v e  a c t s  w e r e  m ix e d  w ith  l e s s  
d is tu r b in g  b e h a v i o r s  and f e m a l e s  a l lo w e d  n o s e s  and m ounts .
H a r e m  L e a d e r s h ip  C h a n g es
M a le s  f i 'om Group 3 w e r e  o b s e r v e d  with Group 1 elk  on only  
two o c c a s i o n s  f r o m  1 A p r i l  to 30 A ugust .  B u l l s  w e r e  a lw a y s  p r e se n t  
in the s tudy  a r e a  b e t w e e n  31 A u gust  and the end of o b s e r v a t io n  on 11 
N o v e m b e r  (F ig .  11). T h e y  d iv ided  the  h e r d  into  a s  m a n y  as  th r e e  
s m a l l  h a r e m s .  B e t w e e n  10 and 12 b u l l s  p o s s e s s e d  h a r e m s  at s o m e  
t i m e  during  the rut (T able  12). F a r  v i e w in g  d i s t a n c e s  and s i m i l a r i t y  
b e t w e e n  b u l l s  p o s s i b l y  c a u s e d  s o m e  c o n fu s io n .  B e tw e e n  four and 10 
o th e r  b u l l s  w e r e  a l s o  o b s e r v e d  in Upper South and L o w e r  South r a n g e s  
during the rut.
N in e  e n c o u n t e r s  b e t w e e n  6 -p o in t  b u l l s  in p o s s e s s i o n  of a 
h a r e m  and o th e r  6 -point  b u l l s  w e r e  observed. B u l l s  did not c on tac t  
one  a n o th e r  during  any of  t h e s e  e n c o u n t e r s .  T h r e e  of t h e s e  i n t e r a c t io n s
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F ig .  11. The h a r e m  b u l ls  of the  rut .  Sol id  l i n e s  in d ic a te  when the  
r e s p e c t i v e  b u l l s  p o s s e s s e d  h a r e m s .  T r i a n g l e s  in d ic a te  
the p r e s e n c e  of o ther  ru t t ing  b u l l s .  O b s e r v a t io n s  w e r e  
m ade in fr eq u e n t ly  f r o m  22 O c t o b e r  to 11 N o v e m b e r .
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T a b l e  12. The
w ith
b u l l s  of the  ru t .  H a r e m  b u l l s  
a s t e r i s k s .
a r e  in d ic a t e d
N a m e  of bul l
Othei-  n a m e s  possibly 
g iv e n  to s a m e  b u l l
A n t le r  t i n e s  
( le ft ,  r igh t )
B e n c h C u r l ,  L on g ,  R id g e ,  
ShortSth, 6pt, S y m ,  
Thin, Top, Trisky
(or  the i i '  othci- n a m e s )
(R,6)
Brute"' BA (6,6)
C:url=^ (6,6)
Drop"' Dro[)6th"' (6,6)
opt (5,5)
5 T e l" 5 T (5,5)
Long (6,6)
lA"' (0,7)
Ridge"' (6,6)
Sh o rtS th S h o r t5 th 2 n d (6,6)
6 pt B e n c h  (or  h i s  o t h e r  
n a m e s ) ,  6pt2
(6,6)
Sym Sym2"' (6,6)
Thin"' (6,6)
Top Top2, Top3 (6,6)
T R ig h t" (6,6)
Trisky"' A r c h e d (6,6)
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a r e  d e s c r i b e d  e l s e w h e r e  (Brute-Trisky in "Bugling";  B r u t e - R i d g e  
and T R i g h t - D r o p S t h  in  " F e n c e  B e h a v i o r " ) .  T h e  o t h e r  e n c o u n t e r s  are 
d e s c r i b e d  b e l o w .
R id g e  and B r u t e  c o n f r o n t e d  e a c h  o t h e r  in the  m o r n i n g  
f o l l o w i n g  t h e i r  f i r s t  o b s e r v e d  e n c o u n t e r .  B r u t e  l e f t  h i s  h a r e m  in the  
U p p e r  South R a n g e  at l e a s t  300 m  beh in d  a s  he  p a c e d  the  f e n c e  l in e  
and b u g l e d  at the  r e s t  o f  the  h e r d  w h o  w e r e  w i th  C u r l  in  the  L o w e r  
South R a n g e .  R i d g e  t r o t t e d  to  B r u t e ’s h a r e m .  B r u t e  turned ,  
a p p a r e n t l y  n o t i c e d  R i d g e ,  and w a lk e d  b a c k  to  h i s  h a r e m .  R id g e  b u g le d  
f i v e  t i m e s ,  and a p p r o a c h e d  9 m to w a r d  the o n c o m i n g  B r u t e .  B r u t e  
w a l k e d  f o r  about  10 m  w i th  h i s  h e a d  p a r a l l e l  to the  ground  and l o w e r e d  
b e l o w  h i s  s h o u l d e r s .  T h i s  w a s  the  o n ly  t i m e  s u c h  a s t a n c e  w a s  
o b s e r v e d .  R id g e  t r o t t e d  a w a y  w h e n  B r u t e  a p p r o a c h e d  w i th in  10 m  of 
h i m .
C u r l ,  5pt, and L /  kept  w i th in  2 0 0  m  of l A ' s  h a r e m  of s e v e n  
f e m a l e s .  C a l f  I, and C a l f  4 on 2 3 S e p t e m b e r  in  L o w e r  T r i s k y  W o o d s .  
W hen l A  w a lk e d  away f r o m  h i s  h a r e m ,  b u g l in g  at th e  n e a r b y  m a l e s .  
B o w l  w a l k e d  in to  th e  h a r e m  and b u g le d  o n c e .  L F  a l s o  t r o t t e d  in to  the  
g r o u p .  1A b u g le d ,  l i m p i n g l y  w a l k e d  b a c k  to  the  h a r e m ,  b u g le d  a g a in ,  
and B o w l  and L j' r e t r e a t e d .  T h e  b u l l s  w e r e  n e v e r  c l o s e r  than 15 m .  
l A  had  o n l y  one  a n t l e r  (0, 7) , and had an o b v io u s  l i m p  in h i s  r ig h t  r e a r  
l e g  w h ic h  r e s t r i c t e d  h i m  to  a w a l k .  l A  c a u s e d  an a p p a r e n t l y  h e a l t h y ,  
a l t h o u g h  s e e m i n g l y  l i g h t e r  and y o u n g e r ,  6-point bu l l  to  l e a v e  the  a r e a .
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B r u t e  a p p r o a c h e d  to  w i t h in  20  m  of S h o rt5 th 2 n d  and 35 m  
of T o p  on 2 4 S e p t e m b e r ,  300 m of A r c h e d  on 2 6 S e p t e m b e r ,  and 2 5 m  
of T o p s  2 d a y s  l a t e r ,  b e f o r e  t h e s e  o t h e r  b u l l s  r e t r e a t e d  f r o m  h i m .  
B r u t e  p e r f o r m e d  an a n t l e r - t h r a s h ,  u r in a t e d ,  s c r a p e d  h i s  f o r e f e e t ,  
and  l a y  dow n a s  T o p 3 w a t c h e d .
I n t e r a c t i o n s  b e t w e e n  B r u t e  and C u r l  w e r e  l i m i t e d  to b u g l in g .  
B r u t e  f r e q u e n t l y  p a c e d  the  f e n c e  s e p a r a t i n g  t h e m  and b u g le d  to w a r d  
C u r l  o r  C u r l ' s  h a r e m .  C u r l  m a i n t a i n e d  a d i s t a n c e  of  at l e a s t  100 m ,  
and at m o s t  b u g l e d  b a c k  at B r u t e .  B r u t e  w a s  a p p a r e n t l y  the  s u p e r i o r  
b u l l .
A b u l l  w a s  o b s e r v e d  l e a v i n g  h i s  h a r e m  a l th ou gh  u n p r o v o k e d  
b y  a n o t h e r  b u l l .  A s m a l l  6 -p o in t  b u l l .  T h in ,  s t o o d  and le f t  h i s  s m a l l  
h a r e m ,  c o n s i s t i n g  of Cow 4, C a l f  4 , and C a l f  5, at 1135 on 19 O c t o b e r .  
T h in  w a l k e d  at l e a s t  300  m  f r o m  h i s  g r o u p ,  and then  d i s a p p e a r e d  in to  
t h e  U p p e r  T r i s k y  W o o d s .  At l e a s t  fo u r  e lk ,  in c lu d in g  a ( 3 , 6 )  b u l l ,  
w e r e  l a t e r  found in  t h o s e  w o o d s .  5 T e l ,  a 5 -p o in t  b u l l ,  w a s  b e d d e d  
about  15 m  f r o m  the  s m a l l  h a r e m .  W ith in  5 m i n u t e s  of  T h in ' s  
d e p a r t u r e ,  5 T e l  s t o o d  and v i g o r o u s l y  p e r f o r m e d  h e r d s  and n o s e s  to  
the  c o w  and tw o  c a l v e s .  T h e s e  fo u r  i n d i v i d u a l s  w e r e  t o g e t h e r  61- h o u r s  
l a t e r .
B r u t e  w a s  l a s t  o b s e r v e d  w i th  a h a r e m  on 8 O c t o b e r .  F i v e  
d a y s  l a t e r  (the n e x t  f i e l d  d ay ) .  B r u t e ,  I b e l i e v e ,  a p p r o a c h e d  to  w i th in  
75 m  of T R i g h t ' s  h a r e m  and l a y  d ow n.  T h e  l e f t  m a in  b e a m  of  t h i s  b u l l
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w a s  b r o k e n  off  at the  b a s e  of  th e  5th t in e ,  and o n e - h a l f  of the  r ig h t  5th 
t in e  w a s  a b s e n t .  (T h e  b u l l  w a s  n a m e d  B A - - B r o k e n  A n t le r .  ) B A ' s  
c h e s t  h e a v e d  as  he  b r e a t h e d  f o r  30 m i n u t e s  a f t e r  he b e d d ed ,  BA  
b u g l e d  t w i c e  t o w a r d  the  TR ight  h a r e m  a s  the  h a r e m  g r a z e d  a w a y  f r o m  
h i m .  T R ig h t  b u g l e d  and p e r f o r m e d  an a n t l e r - t h r a s h  a s  he and h i s  
h a r e m  m o v e d  a w a y  f r o m  B A .
At l e a s t  5 d a y s  a f t e r  l A  l o s t  h i s  h a r e m  to  T R ig h t ,  1A w a s  
o b s e r v e d  about 2 5 0  m  f r o m  T R i g h t ' s  h a r e m .
W hen  b u l l s  l o s t  h a r e m s ,  t h e y  did not r e g a i n  a h a r e m  in U p p e r  
South  o r  L o w e r  South r a n g e s .  T h e  o n ly  p o s s i b l e  e x c e p t i o n s  to  th is  a r e  
th e  f e n c e - r e l a t e d  d i s t u r b a n c e  of B r u t e ' s  h a r e m  on 12 S e p t e m b e r ,  and  
th e  B r u t e - T r i s k y  encounter '  of 22 S e p t e m b e r  in  w h ic h  it w a s  not d e t e r ­
m i n e d  w h e t h e r  T r i s k y  did a s s u m e  l e a d e r s h i p .
A g g r e s s i v e  A c t s
D i f f e r e n c e s  b e t w e e n  th e  a g g r e s s i v e  b e h a v i o r  d i s p l a y e d  b y  
r u t t in g  b u l l s  and G roup 1 e lk  w e r e  o b v io u s  (T a b le  6) . A s i g n i f i c a n t  
d i f f e r e n c e  w a s  e x h i b i t e d  in th e  u s e  of a n t l e r  d i s p l a y s ,  s p a r s ,  h e a d -  
h i g h s ,  b i t e s ,  and k i c k s  b e t w e e n  the  s p i k e s  and the r u t t in g  b u l l s  
(p <  0 .0 0 1 ,  = 3 4 . 0 5 ,  4 df) ,  b e c a u s e  b u l l s  did not p e r f o r m  h e a d - h i g h s
o r  b i t e s ,  and t h e y  d i s p l a y e d  s p a r s  and f o r e f o o t  k i c k s  m o r e  f r e q u e n t l y  
than  s p i k e s  d id .  H a r e m  m e m b e r s  r a r e l y  d i s p l a y e d  a g g r e s s i v e l y  
t o w a r d  r u t t in g  b u l l s .  H a r e m  m e m b e r s  n e v e r  p e r f o r m e d  f o r e f o o t  k i c k s
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to  bul ls^  but b u l l s  f r e q u e n t l y  p e r f o r m e d  th i s  d i s p l a y  to  h a r e m  
m e m b e r s .  A l l  a g g r e s s i v e  a c t s  b y  the  b u l l s ,  e x c e p t  s p a r s ,  w e r e  done  
w h i l e  c h a s i n g  m a l e s  o r  h e r d i n g  h a r e m  m e m b e r s .  A n t l e r  d i s p l a y s  by  
b u l l s  w e r e  u s u a l l y  q u ic k ,  s t r o n g  l o w e r i n g s  of the a n t l e r s  w h i l e  
a p p r o a c h i n g  a n o t h e r  in d iv id u a l .
A l l  o b s e r v e d  s p a r s  in U p p e r  South and L o w e r  South r a n g e s  
i n v o l v e d  m a l e s  of  d i f f e r e n t  a g e  c l a s s e s  (86.5%; 45 of 52) a n d / o r  
m a l e s  w i t h  a f e n c e  b e t w e e n  t h e m  (13.5%; 7 of 52) .  In the  f i r s t  c a s e ,  
th e  l a r g e r  m a l e  a l w a y s  w o n  e a s i l y ;  in the  s e c o n d  c a s e ,  u s u a l l y  l i t t l e  
w a s  r e s o l v e d .  S p a r s  b e t w e e n  m a l e s  of d i f f e r e n t  a g e  c l a s s e s  a p p e a r e d  
to  be  p la y f u l  a c t i v i t i e s  f o r  th e  and 2 \  y e a r  o l d s .  T h e  l a r g e r  b u l l s  
e a s i l y  s h o w e d  t h e i r  s u p e r i o r  s t r e n g t h  e i t h e r  by  s t a n d in g  as  the  s m a l l e r  
b u l l  o r  s p i k e  p u s h e d ,  o r  b y  w a l k i n g  f o r w a r d  a s  the  s m a l l e r  m a l e  
s t e p p e d  b a c k w a r d .  A f t e r  l o s i n g  s p a r s  to  5pt on  9 and 12 S e p t e m b e r ,
Ld" c a n t e r e d  b a c k w a r d  f o r  at l e a s t  60 and 15 m ,  r - e s p e c t iv e ly ,  w i th  h i s  
h e a d  l o w e r e d  ( - 9 0 ° ) ,  a s  5pt w a l k e d  t o w a r d  h i m .  T h e r e  w a s  no  r e l a t i o n  
b e t w e e n  b u l l  s i z e  and t e n d e n c y  to  i n i t i a t e  o r  t e r m i n a t e  s p a r s .  Ld" 
c o n t a c t e d  5 p t ' s  a n t l e r s  w i th  d i f f i c u l t y ,  due to  the  l a c k  of t i n e s  on the  
s p i k e ' s  a n t l e r s .  5 T e l  and L d* i n t e r r u p t e d  t h e i r  b r i e f  s p a r s  w i t h  s o f t  
r u b b in g  of  e a c h  o t h e r ' s  h e a d s ,  n e c k s ,  and a n t l e r s  f o r  5 m i n u t e s  30 
s e c o n d s  on 23 S e p t e m b e r .  N o  a p p a r e n t  i n j u r i e s  r e s u l t e d  f r o m  the  
s p a r s  o b s e r v e d ,  a l th o u g h  f a t a l  b u l l  s p a r s  h a v e  b e e n  o b s e r v e d  in  p a s t  
y e a r s  (O 'G a r a  p e r s .  c o m m .  ).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
90
R u t t in g  B u l l  A c t i v i t y
I n s t a n t a n e o u s  s a m p l e  data  w e r e  o b ta in e d  f o r  tw o  ru t t in g  b u l l s .  
B r u t e  d u r in g  the  p e a k  of r u t t in g  b e h a v i o r ,  and S y m 2 l a t e r  in the  s e a s o n .
B r u t e ' s  a c t i v i t i e s  w e r e  r e c o r d e d  e v e r y  m in u te  f o r  a t o ta l  of  
t w o  d a y l ig h t  " d a y s"  d u r in g  6 - 9  S e p t e m b e r  ( 1 0 4 5 - 2 0 4 6 ,  0 6 3 0 - 1 0 4 4 ,  
1 5 1 5 - 2 0 4 1 ,  0 6 1 5 - 1 5 1 4 ,  r e s p e c t i v e l y ) .  S y m 2 ' s  a c t i v i t i e s  w e r e  s i m i l a r l y  
r e c o r d e d  on 2 9 O c t o b e r  ( 0 8 4 8 - 1 9 0 0 ) .  B r u t e ' s  h a r e m  c o n s i s t e d  of f o u r  
c o w s ,  tw o  c a l v e s ,  tw o  f e m a l e  y e a r l i n g s ,  and one  c o w  o r  f e m a l e  y e a r ­
l in g  (Lo* w a s  n e a r b y  6 - 9  S e p t e m b e r ;  5pt w a s  n e a r b y  on 7 S e p t e m b e r ) .  
S y m 2 ' s  h a r e m  w a s  c o m p r i s e d  o f  fo u r  c o w s ,  tw o  c a l v e s ,  f i v e  f e m a l e  
y e a r l i n g s .  (L S ' i ' ,  and 5 T e l  w e r e  n e a r b y . )  T h e  d i f f e r e n c e  in  
p e r c e n t a g e  of t i m e  s p e n t  in  v a r i o u s  a c t i v i t i e s  b e t w e e n  B r u t e  d u r in g  
the  p e a k  of  th e  rut  and S y m 2 at the  end of th e  rut i s  sh o w n  in  T a b le  13.  
B r u t e  c l e a r l y  w a s  a c t i v e  m o r e  than S y m 2 .  B y  r e s t r i c t i n g  c o m p a r i s o n  
t o  s i m i l a r  t i m e s  of  day  ( 0 8 4 8 - 1 9 0 0 ) ,  a m o r e  c o n s i s t e n t  lo o k  at the  
b u l l s '  a c t i v i t i e s  w a s  o b t a in e d  b e c a u s e  th e  a c t i v e  m o r n i n g  and e v e n in g  
p e r i o d s  f o r  B r u t e  a r e  d e l e t e d .  W ith  t h i s  r e s t r i c t i o n ,  the a m o u n t  of  
t i m e  s p e n t  b e d d e d ,  s t a n d i n g ,  f e e d i n g ,  and  l o c o m o t i n g  w a s  s i g n i f i c a n t l y  
d i f f e r e n t  b e t w e e n  B r u t e  and S y m 2  (p <  0 .0 0 1 ,  = 1 0 3 .3 8 ,  3 df) .  T he
a m o u n t  o f  t i m e  s p e n t  b e d d e d  and not  b e d d e d  w h e n  c o m p a r i n g  t h e s e  tw o  
b u l l s  w a s  a l s o  s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 1 ,  = 6 . 8 9 ,  1 df) ,  due to
B r u t e ' s  i n c r e a s e d  t e n d e n c y  to  l o c o m o t e  and s ta n d  r a t h e r  than e a t .
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T a b l e  13 .  C o m p a r i s o n  o f  a c t i v i t i e s  of  b u l l s  at d i f f e r e n t  t i m e s  of  the  
rut  ( 0 8 4 8 - 1 9 0 0  h o u r s ) .
P e r c e n t a g e  of t i m e  in a c t i v i t y
Date B u l l B e d F e e d Stand
W alk ,
trot n
6 - 9  Sept B r u t e 5 0 .5 10.1 3 2 .4 7.2 1 ,15 9
2 9 O ct S y m  2 57 .1 2 3 .6 17 .6 1.8 581
T h e  ru t t in g  a c t i v i t i e s ,  s p a r s ,  h e r d s ,  n o s e s  to f e m a l e s ,  e t c . ,  
d i s p l a y e d  at e a c h  1 m i n u t e  i n t e r v a l  w e r e  a l s o  r e c o r d e d .  B r u t e  d i s ­
p l a y e d  r u t t in g  b e h a v i o r s  10 .3  p e r c e n t  of the  t i m e  (119  of 1 ,1 5 9  data  
p o i n t s )  f r o m  0 8 4 8 - 1 9 0 0 ,  and 11 .4  p e r c e n t  (191 of 1 ,6 7 6 )  of a l l  data  
p o i n t s  r e c o r d e d .  S y m 2 d i s p l a y e d  s u c h  b e h a v i o r s  o n ly  7.2  p e r c e n t  of  
th e  t i m e  (42 of 581 data  p o i n t s ) ,  a g a i n  s h o w i n g  the  h i g h e r  a c t i v i t y  l e v e l  
f o r  B r u t e  d u r in g  e a r l y  S e p t e m b e r  c o m p a r e d  to  Sym2 d u r in g  th e  end  of  
O c t o b e r .
T h e  t i m e  B r u t e  and S y m 2 s p e n t  b e d d e d ,  f e e d i n g ,  and l o c o ­
m o t i n g  w a s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  G ro u p  1 e l k  ( e x c lu d in g  c a l v e s  
and  th e  o ld  c o w .  C ow  2 ) (p < 0 . 0 0 0 1 ,  = 5 1 3 .9 3 ,  2 df and p <  0 .0 0 0 1 ,
X^ = 1 9 .1 3 ,  2 df, r e s p e c t i v e l y ) .
H a b i ta t  U s e
E l k  f r e q u e n t l y  u s e d  a r e a s  of c o n i f e r o u s  t i m b e r  d u r in g  th e  rut ,  
but  s p e n t  m o s t  of th e  t i m e  b e f o r e  c a l v i n g  and b e t w e e n  c a l v i n g  and the
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rut  in  g r a s s l a n d  o r  b r u s h  ( F ig .  2).
He r d  and H e r d - p o s t u r e
P e r f o r m i n g  h e r d s ,  h e r d - p o s t u r e s ,  and a g g r e s s i v e  a c t s  
t o w a r d  o n e  o r  m o r e  i n d iv i d u a l s  of a h a r e m  ten d e d  to k e e p  the  h a r e m  
b u n c h e d .  A b u n c h e d  h a r e m  w a s  m o r e  e a s i l y  c o n t r o l l e d  b y  the  b u l l .
H e r d - p o s t u r e s  w e r e  d i s p l a y e d  d u r in g  m o s t  h e r d s  (97.1%; 643  
of  6 6 2 ) .  B u l l s  o r i e n t e d  t h e i r  b o d i e s  and n e c k s  s o  the  n e c k - s i d e  w a s  
a p p r o x i m a t e l y  b r o a d s i d e  to  the  h a r e m ' s  d i r e c t i o n  of m o v e m e n t .  T h i s  
n e c k - s i d e  p r e s e n t a t i o n  w a s  a l s o  d i s p l a y e d  b y  B r u t e  to  Out,  B r u t e  to  
L d", and Out to 5pt; in  t h e s e  c a s e s ,  the  m a l e s  d i s p l a y e d  t o w a r d  m o v e d  
a w a y .
M o s t  h e r d - p o s t u r e s  w e r e  d i s p l a y e d  w h i l e  w a l k i n g  (75.4%;
4 8 5  of 6 4 3 ) .  T r o t t i n g  (17.1%; 110 of 6 4 3 ) ,  ru n n in g  (7.0%; 45 of 6 4 3 ) ,  
an d  s t a n d i n g  (0.5%; 3 o f  6 4 3 )  a l s o  a c c o m p a n i e d  h e r d - p o s t u r e s .  T h e  
o n l y  s t o t  o b s e r v e d  f o r  an y  e lk  w a s  on 6 S e p t e m b e r  w h e n  B r u t e  s t o t t e d  
f i v e  s t r i d e s  a f t e r  d i s p l a y i n g  a h e r d - p o s t u r e .  In d iv id u a ls  v a r i e d  in 
t h e i r  u s e  of  d i f f e r e n t  l o c o m o t i o n s  w h i l e  h e r d i n g .  B r u t e  p e r f o r m e d  
h e r d - p o s t u r e s  w h i l e  s t a n d in g  o r  w a l k i n g  in s i g n i f i c a n t l y  h i g h e r  p r o ­
p o r t i o n s  than w h e n  t r o t t i n g  o r  running w h e n  c o m p a r e d  w ith  C u r l  (p < 
0 . 0 0 5 ,  = 1 0 .3 3 ,  1 df) .  M o s t  h e r d - p o s t u r e s  r e c o r d e d  w e r e  d i s p l a y e d
b y  B r u t e  (69.9%; 4 4 8  of 643);  C u r l  w a s  s e c o n d  (20.1%; 129 of 6 4 3 ) .  
B u l l s  l o c o m o t e d  a s  m u c h  a s  10 ru n n in g  s t r i d e s  and 30 t r o t t in g  s t r i d e s
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w h i l e  d i s p l a y i n g  a h e r d - p o s t u r e .  T h e  h e a d  w a s  u s u a l l y  h e ld  h i g h e r  
w h e n  ru n n in g  than w h e n  w a l k i n g  o r  t r o t t i n g .
A r e s p o n s e  f r o m  o n e  o r  m o r e  h a r e m  m e m b e r s  w a s  e l i c i t e d  
b y  a l m o s t  a l l  h e r d - p o s t u r e s  (93.8%; 603 of 643) .  R e s p o n s e s  r a n g e d  
f r o m  r u n n in g  f r o m  th e  b u l l  to  f l a t t e n i n g  the  e a r s  and tu r n in g  a w a y  
f r o m  h i m .  M o s t  h e r d - p o s t u r e s  not r e s p o n d e d  to  w e r e  d i s p l a y e d  a s  
the h a r e m  m e m b e r s  h a p p e n e d  to  be  lo o k in g  a w a y  f r o m  the b u l l .  H e r d -  
p o s t u r e s  t y p i c a l l y  l a s t e d  f r o m  about  4 to  8 s e c o n d s  ( m a x i m u m  of  20  
s e c o n d s ) .
S t a m p in g  a f o r e f o o t  (1.2%; 8 of 643)  and a n t l e r  d i s p l a y s  
(0.8%; 5 of  643)  i n f r e q u e n t l y  t e r m i n a t e d  h e r d - p o s t u r e s .  T h e  b u l l ' s  
p e n i s  r a r e l y  p a l p i t a t e d  w h i l e  h e  d i s p l a y e d  a h e r d - p o s t u r e  (0.9%; 6 of  
643);  th e  d i f f i c u l t y  of  o b s e r v i n g  t h i s  b e h a v i o r  at l e a s t  p a r t i a l l y  
a c c o u n t s  f o r  i t s  r a r i t y  in the  data .  F e m a l e s  s e l d o m  p e r f o r m e d  j a w s  
in  r e s p o n s e  to  a h e r d - p o s t u r e  (0.8%; 5 of  643) .
B u l l s  o f t e n  p e r f o r m e d  h e r d s  to  m o v e  t h e i r  h a r e m s  a w a y  f r o m  
s p i k e s  and o t h e r  b u l l s ,  r a t h e r  than d i s p l a y  c h a s e s  to  the in tr u d in g  
m a l e s .  On 17 S e p t e m b e r ,  I a t t e m p t e d  to  q u a n t i fy  the  d e g r e e  C u r l  
d i s p l a y e d  h e r d - p o s t u r e s  in  o r d e r  to  k e e p  h i s  h a r e m  a w a y  f r o m  LcT 
and 5pt .  I m a g i n i n g  a l a r g e  s q u a r e  bou n d in g  th e  g r o u p ,  m o r e  than h a l f  
of  C u r l ' s  h e r d - p o s t u r e s  w e r e  d i s p l a y e d  on the  s i d e  w h e r e  5pt o r  LcT 
w e r e  s i t u a t e d  (53.6%; 22 of  4 1 ) .  R a t e s  of h e r d - p o s t u r e s  p e r  a c t i v e  
( n o n - b e d d e d )  h o u r  r a n g e d  f r o m  0 to  2 8 .
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5pt and 5 T e l ,  the  tw o  5 - p o in t  b u l l s ,  and Ld' p o o r l y  c o n ­
t r o l l e d  th e  m o v e m e n t  of f e m a l e s .  S p t ' s  tw o  h e r d - p o s t u r e s  w e r e  
a p p a r e n t l y  i g n o r e d  b y  C a l f  1, and t h r e e  o f  L C s  f iv e  h e r d - p o s t u r e s  
e l i c i t e d  no  r e s p o n s e .  O ne  f e m a l e  t r o t t e d  a w a y  f r o m  L S a f t e r  a h e r d -  
p o s t u r e ,  s h a k i n g  h e r  h e a d  a s  if  b o t h e r e d  by  h i m .  L,o' w e a k l y  e x e c u t e d  
h e r d - p o s t u r e s ;  h i s  h e a d  l o w e r e d  l i t t l e  f r o m  n o r m a l ,  and h i s  n o s e  
r e m a i n e d  at about  - 2 0 ° .
P e r f o r m i n g  a h e r d  w ith o u t  a h e r d - p o s t u r e  w a s  u s u a l l y  done  
w h i l e  t r o t t i n g  o r  ru n n in g ,  and w a s  o f ten  d i s p l a y e d  w h en  a b u l l  b r o u g h t  
b a c k  a  f e m a l e  w h o  had  s t r a y e d  m o r e  than  about  50 m  f r o m  the  g r o u p .  
O n e  h e r d  d i s p l a y e d  by  B r u t e  to  Cow 1 l a s t e d  3 m i n u t e s ;  m o s t  h e r d s  
l a s t e d  l e s s  than about  15 s e c o n d s .  F e m a l e s  d r i v e n  a w a y  f r o m  the  
h a r e m  b y  the  bu l l  c i r c l e d  b a c k  and j o i n e d  th e  g r o u p .
B u l l s  o c c a s i o n a l l y  a l l o w e d  t h e i r  h a r e m s  to s t r a y  a s  f a r  a s  
100 m  f r o m  t h e m .  B u l l s  u s u a l l y  w e r e  s i t u a t e d  w i t h in  o r  a lo n g  the  
p e r i p h e r y  o f  t h e i r  h a r e m s .  W hen  not  p e r f o r m i n g  h e r d s ,  b u l l s  u s u a l l y  
f o l l o w e d  th e  l e a d  of th e  r e s t  o f  the  g r o u p .  O n e  f e m a l e  s t r a y e d  a s  f a r  
a s  2 0 0  m  f r o m  B r u t e ' s  h a r e m  on 24 S e p t e m b e r .  T op  s o o n  a p p e a r e d  
and g r a z e d  n e a r  h e r  un t i l  B r u t e  d r o v e  h i m  a w a y .  B r u t e  p e r m i t t e d  h e r  
t o  s t a y  out of  the  h a r e m ,  and a l l o w e d  a f e m a l e  to g r a z e  a s  f a r  a s  50 m  
f r o m  h i s  h a r e m  d a y s  l a t e r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
95
B u g l i n g
O n l y  r u t t in g  b u l l s  w e r e  h e a r d  b u g l in g  (204 i n s t a n c e s ) .  B u g l in g  
u s u a l l y ,  p o s s i b l y  a l w a y s ,  w a s  d i r e c t e d  at a n o t h e r  b u l l ,  a s p i k e ,  o r  a 
h a r e m .  C o w s  and c a l v e s  s h o w e d  l i t t l e  o r  no  r e s p o n s e  to  b u g l in g .
S p i k e s  u s u a l l y  m o v e d  a w a y  f r o m  a b u g l in g  b u l l .
A b u g l in g  d i a l o g u e  c a u s e d  B r u t e  to  l e a v e  h i s  h a r e m  on 2 2 
S e p t e m b e r  w h e n  the  in t r u d in g  b u l l .  T r i s k y ,  w a s  in t i m b e r  and at l e a s t  
65 m  f r o m  th e  h a r e m .  B u g l i n g  a l s o  a c c o m p a n i e d  e n c o u n t e r s  b e t w e e n  
B r u t e  and R i d g e ,  T R ig h t  and D r o p S th ,  1A and B o w l ,  and a t h r o u g h -  
t h e - f e n c e  e n c o u n t e r  b e t w e e n  B r u t e  and C u r l .  In truding  b u l l s  and  
h a r e m  a c t i v i t y  a p p a r e n t l y  e x e r t e d  g r e a t e r  e f f e c t  on b u g l in g  f r e q u e n c y  
than  did a n y  i n h e r e n t  d a i l y  c y c l e  of  b u g l in g .  B u l l s  u s u a l l y  s t o o d  o r  
w a l k e d  w h i l e  b u g l in g ,  a l th o u g h  B A ,  T R ,  and B r u t e  b u g le d  t h r e e  t i m e s ,  
t h r e e  t i m e s ,  and o n c e ,  r e s p e c t i v e l y ,  w h i l e  b e d d e d .  On two o c c a s i o n s ,  
TR d i s t i n c t i v e l y  d o u b l e - b u g l e d  by  v o c a l i z i n g  tw o  of the  lo n g  c a l l s  
f o l l o w e d  b y  a s e r i e s  of g r u n t s .  B u g l i n g s  e n d e d  w i th  f r o m  tw o  to  s e v e n  
g r u n t s .  P i t c h  and l e n g t h  of  b u g l i n g s  v a r i e d ,
B u g l i n g s  w e r e  d i s t o r t e d  b y  d i s t a n c e  and w e r e  v e r y  d i r e c t i o n a l .  
A f e w  b u g l i n g s  w e r e  h e a r d  f r o m  a s  f a r  a w a y  a s  0 .5  k m .  On 23  
S e p t e m b e r ,  I h e a r d  l A  b u g l e  at B o w l  w h i l e  I w a s  40  m  a w a y .  T h i s  
v o c a l i z a t i o n  w a s  v e r y  lo u d ,  l o w ,  and b e a u t i f u l ,  w i t h  a t w o - t o n e d  
q u a l i t y .  M u ch  o f  th e  m u s i c a l l y  p l e a s i n g  q u a l i t i e s  of  b u g l in g s  w e r e  
l o s t  in  d i s t a n c e ,  and th e  v o c a l i z a t i o n s  so u n d e d  m o r e  l ik e  " w h i s t l e s ,  "
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a s  t h e y  a r e  o f t e n  c a l l e d .  A b u g l in g  h e a r d  f r o m  100 m  a w a y ,  g i v e n  
b y  a b u l l  w i t h  h i s  h e a d  tu r n e d  at  a 45°  a n g le  f r o m  the  o b s e r v e r ,  co u ld  
so u n d  no  l o u d e r  than o n e  g i v e n  by  a b u l l  d i r e c t l y  f a c i n g  the o b s e r v e r  
2 50 m  a w a y .  W ind d i r e c t i o n  and v e l o c i t y  a l s o  d e t e r m i n e d  w^hat w a s  
h e a r d .  B a r e l y  a u d i b l e  b u g l in g s  o f ten  s o u n d e d  l ik e ,  " E e e e e e - y u - y u - y u -  
y u !  "
B r u t e ' s  and T R ' s  p e n i s e s  p a lp i t a t e d  o n c e  a s  th e y  b u g le d  on  
2 3 S e p t e m b e r  and 2 O c t o b e r ,  r e s p e c t i v e l y .
T h e  30 c a l l s  B r u t e  g a v e  a s  h e  p a c e d  and w a t c h e d  m o s t  of  h i s  
h a r e m  on the  o t h e r  s i d e  o f  a f e n c e  ( s e e  the  B r u t e - R i d g e  e n c o u n t e r  in  
" F e n c e  B e h a v i o r " )  w e r e  o n e - s y l l a b l e ,  a i r y  v o c a l i z a t i o n s  that s o u n d e d  
l ik e  the  f i r s t  1 - s e c o n d  of a fu l l  b u g le .
C h a s e s  of 5 -p o in t  B u l l s  and  
S p i k e s  b y  H a r e m  B u l l s
H a r e m  b u l l s  r e p e a t e d l y  c h a s e d  L-j", So', 5pt,  and 5 T e l  a w a y  
f r o m  the  h a r e m s .  T h e  s p i k e s  w e r e  d i f f i c u l t  to  k e e p  a w a y  f r o m  the  
g r o u p s  t h e y  had l i v e d  w i t h  a l l  t h e i r  l i v e s .  T h e y  f r e q u e n t l y  c i r c l e d  
b a c k  in to  the  g r o u p  w h e n  th e  b u l l  s t o p p e d  the  c h a s e ,  o r  t r i e d  to  jo in  
th e  h a r e m  s o o n  t h e r e a f t e r .  T h e  5 -p o in t  b u l l s  w e r e  e a s i e r  to  e x c l u d e  
f r o m  th e  h a r e m s  than the  s p i k e s  w e r e .  M uch r e p e t i t i o n  w a s  n e c e s s a r y  
to  k e e p  th e  s p i k e s  and 5 - p o in t  b u l l s  a w a y  f r o m  the  h a r e m s .  C h a s e s  
w e r e  p e r f o r m e d  b y  B r u t e  to L c/, S F, o r  5pt 88 t i m e s ;  C u r l  to  B J" 
o r  5pt 24  t i m e s ;  T R ig h t  to  Lo* f i v e  t i m e s ;  l A  to  Bd" o r  5pt f o u r
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t i m e s ;  S y m 2 to  T_,cf and Scf t w i c e  and 5 T e l  t h r e e  t i m e s ;  D r o p  to  Ld" 
t w i c e ;  and R i d g e  to  Lcf o n c e .  B u l l s  u s u a l l y  t r o t t e d  o r  r an  d u r in g  
c h a s e s .
M o s t  c h a s e s  took  p l a c e  d u r in g  the  f i r s t  few  w e e k s  of the rut .  
D u r i n g  the  f i r s t  2 w e e k s  of  the  rut ,  Dcf s p e n t  m u c h  of h i s  t i m e  t r y i n g  
to  g e t  p a s t  B r u t e  b a c k  in to  th e  h a r e m .  O v e r  94 p e r c e n t  of a l l  r e c o r d e d  
c h a s e s  b y  B r u t e  took  p l a c e  f r o m  31 A u g u s t  to  13 S e p t e m b e r  (94.3%;
83 of  8 8 ) ,  d u r in g  o n ly  35 p e r c e n t  of  the d a y s  h e  p o s s e s s e d  a h a r e m .
B y  m i d - S e p t e m b e r ,  the  s p i k e s  and 5 -p o in t  b u l l s  s e e m e d  to  a c c e p t  the  
s i t u a t i o n .  T h e y  f r e q u e n t l y  a p p r o a c h e d  to w i th in  100 to  400  m  of  the  
h a r e m s ,  and  t h e y  g e n e r a l l y  kept  in  s i g h t  o f  t h e i r  h a r e m .  T h e  s p i k e s  
and 2 '  - y e a r - o l d  b u l l s  o f t e n  j o i n e d  a h a r e m  w h e n  th e  h a r e m  b u l l  w a s  
b e d d e d ,  p e r f o r m i n g  a w a l l o w ,  o r  a w a y  f r o m  the  h a r e m .  T h e  s p i k e s  
and 5 -p o in t  b u l l s  w e r e  o c c a s i o n a l l y  p e r m i t t e d  to  m o v e  and b e d  w i th  a 
h a r e m .
T e m p o r a r y  d y a d ic  a s s o c i a t i o n s  w e r e  f o r m e d  b e t w e e n  p a i r s  of  
n o n - h a r e m  b u l l s  and s p i k e s ;  Dd" w i t h  5pt, 5 T e l ,  6pt,  o r  B e n c h ;  Out  
"with" Ld" o r  5pt; S h o r tS th  w i th  5pt .  T h e  tendency f o r  m a l e s  to  b e  
t o g e t h e r  w a s  o b s e r v e d  a s  e a r l y  a s  24  June  a f t e r  th e  c o w s  d i s p l a y e d  
a g g r e s s i v e l y  t o w a r d  a t r a n s i e n t  4 - p o in t  b u l l ,  c a u s i n g  h im  to l e a v e  the  
a r e a .  Sd" f o l l o w e d  th e  bu l l  f o r  at l e a s t  40 0  m  b e f o r e  h e  r e t u r n e d  to  
t h e  g r o u p .
O t h e r  a g g r e s s i v e  a c t s  w e r e  a s s o c i a t e d  w i t h  c h a s e s  
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9 8
i n f r e q u e n t l y .  O n l y  t h r e e  f o r e f o o t  k i c k s  (2.3%; 3 of  12 9) and tw o  
a n t l e r  d i s p l a y s  (1.6%; 2 of  129) a c c o m p a n i e d  c h a s e s .
S e x u a l  A p p r o a c h
S e x u a l  a p p r o a c h e s  i n i t ia t e d  m a n y  e n c o u n t e r s  b e t w e e n  b u l l s  
and f e m a l e s .  F e m a l e s  o c c a s i o n a l l y  m o v e d  a w a y  f r o m  an a p p r o a c h in g  
b u l l  b e f o r e  c o n t a c t .  S e x u a l  a p p r o a c h e s  and o t h e r  a p p r o a c h e s  u s u a l l y  
l e d  to  n o s e s ,  l i c k s ,  n o s e - t o - n o s e s ,  t h r o a t - p l a c e s ,  and m o u n t s .  An  
a v e r a g e  o f  2 .1  of  s u c h  b e h a v i o r s  p e r  b u l l - h a r e m  m e m b e r  e n c o u n t e r  
w e r e  r e c o r d e d  (692 in  332 e n c o u n t e r s ) .  T h e  f e m a l e s  and c a l v e s  
a l m o s t  i n v a r i a b l y  m o v e d  a w a y  f r o m  the  b u l l  d u r in g  t h e s e  b e h a v i o r s .
N o s e  and L i c k
N o s e s  and l i c k s  w e r e  d i s p l a y e d  f r e q u e n t l y  (T a b le  14) .  R u m p s  
o r  i n g u in a l  r e g i o n s  r e c e i v e d  th e  m a j o r i t y  of  n o s e s  o r  l i c k s  (84.4%;
4 33  of  5 1 3 ) ,  F e m a l e s '  and c a l v e s '  h e a d s ,  n e c k s ,  s i d e s ,  and b a c k s  
a l s o  r e c e i v e d  n o s e s  o r  l i c k s  (15.6%; 80 of 513) .  S tanding  h a r e m  
m e m b e r s  r e c e i v e d  n o s e s  o r  l i c k s  m o r e  f r e q u e n t l y  than did b e d d e d  e lk  
(77.6%; 3 9 8  of 5 1 3 ) .  B u l l s '  p e n i s e s  p a l p i t a t e d  d u r in g  r u m p  l i c k s  on  
a f e w  o c c a s i o n s .
M o s t  F l e h m e n s  o c c u r r e d  s h o r t l y  a f t e r  a b u l l  p e r f o r m e d  
n o s e s  o r  l i c k s  to  a f e m a l e ' s  r u m p  (57,3%; 63 o f  1 1 0 ) .  B u l l s  f r e ­
q u e n t l y  e x h i b i t e d  a F l e h m e n  a f t e r  p e r f o r m i n g  a n o s e  o r ,  in  a f ew  
c a s e s ,  a l i c k  to  the  g r o u n d  on w h ic h  a f e m a l e  o r  c a l f  had  b e d d e d  o r
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T a b l e  14.  N u m b e r  of n o s e s  and l i c k s  by  r u t t in g  b u l l s  and s p i k e s  
t o w a r d  f e m a l e s  and c a l v e s .
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B u l l s
T o  r u m p s  or  
in g u in a l  r e g i o n s
T o  a r e a s  o t h e r  than  
r u m p s  or  
in g u in a l  r e g i o n s
T o t a l
T o  s t a n d i n g  
i n d iv i d u a l s
T o  b e d d e d  
i n d iv i d u a l s
T o  s t a n d in g  
in d iv i d u a l s
T o  b e d d e d  
i n d iv id u a l s
B r u t e 275 38 21 29 363
C u r l 22 8 1 6 37
5pt 14 --------- --- --------- : 14
5 T e l 3 ---------- --- 1 4
LcT 2 1 ---- --- -  — 21
l A 3 2 --------- 4 9
R i d g e 11 --------- --------- — 11
S ' / 1 ---------- --------- 1
S h o r t5 th 2 n d 1 --- --------- --------- 1
S y m 2 13 7 1 6 27
T R ig h t 9 5 2 9 25
T o t a l 373 60 25 55 513
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u r i n a t e d  (38.2%; 42 of  110) ,  B u l l s  a l s o  p e r f o r m e d  a n o s e  to the  
g r o u n d  r e c e n t l y  v a c a t e d  b y  a f e m a l e  w ith o u t  d i s p l a y i n g  a F l e h m e n  (18 
i n s t a n c e s ) .  F l e h m e n s  r a n g e d  f r o m  3 to  41 s e c o n d s  (X = 2 0 .0  s ,  n = 07) .
N o s e - t o - n o s e
N o s e - t o - n o s e s  w e r e  d i s p l a y e d  i n f r e q u e n t l y  b e t w e e n  h a r e m  
b u l l s  and h a r e m  m e m b e r s  (T a b le  15).
T a b l e  15.  N u m b e r  of n o s e - t o - n o s e s ,  t h r o a t - p l a c e s ,  m o u n t s ,  and  
m o u n t - w i t h - c o p u l a t i o n s  by  ru t t in g  b u l l s  to w a r d  f e m a l e s  
and c a l v e s .
B u l l s N o s e - t o - n o s e T h r o a t - p l a c e Mount
M o u n t - w i t h - 
c o p u la t io n
B r u t e 18 119 5 1
C u r l 1 8 2 ---
5pt 6 2 - — ---
R i d g e 1 1 ---
S h o r t5 th 2 n d --- 1 -  — — —
S y m 2 --- 9 2 ---
T R ig h t 1 --- — — ---
D i s p l a c e  and Supplant
M o st  of the  d i s p l a c e s  and s u p p l a n t s  o b s e r v e d  f r o m  1 A p r i l  to  
11 N o v e m b e r  w e r e  p e r f o r m e d  by  r u t t in g  b u l l s  (78.2%; 61 of  6 8 ) .  B u l l s  
c a u s e d  f e m a l e s  and c a l v e s  to  s ta n d  b y  p e r f o r m i n g  s e x u a l  a p p r o a c h e s ,  
n o s e s ,  l i c k s ,  g r o o m s ,  o r  b y  s t a n d in g  n e a r  t h e m .  F e m a l e s  u s u a l l y  
s t o o d  b e f o r e  15 s e c o n d s  of  a n o s e ,  l i c k ,  o r  g r o o m  to o k  p l a c e .  T h e
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l o n g e s t  g r o o m  l a s t e d  6 m i n u t e s .  T h e  b u l l s  u s u a l l y  p e r f o r m e d  n o s e s  
o r  l i c k s  to  th e  s t a n d in g  f e m a l e  o r  n o s e s  to the g r o u n d  s h e  v a c a t e d  a f t e r  
a d i s p l a c e .  T h r e e  s u p p l a n t s  w e r e  p e r f o r m e d .
T h r o a t - p l a c e
T h r o a t  - p l a c e s  p r e c e d e d  m o u n t s ,  but m o s t  f e m a l e s  w h o  
r e m a i n e d  s t a n d in g  d u r in g  a t h r o a t - p l a c e  did not  r e c e i v e  a m o u n t .
R u m p  n o s e s  o r  l i c k s  o f t e n  p r e c e d e d  o r  f o l l o w e d  one  o r  m o r e  t h r o a t -  
p l a c e s .  A l th o u g h  b u l l s  f r e q u e n t l y  d i s p l a y e d  n o s e s  and l i c k s  to  m a l e  
and  f e m a l e  c a l v e s ,  the  6 -p o in t  b u l l s  n e v e r  p e r f o r m e d  a t h r o a t - p l a c e  
to  a c a l f .  5pt, h o w e v e r ,  p e r f o r m e d  f i v e  t h r o a t  - p l a c e s  to C a l f  4 on 
17 S e p t e m b e r .
M ount and M o u n t - w i t h - c o p u l a t i o n
B u l l s  r a r e l y  p e r f o r m e d  m o u n t s  and m o u n t - w i t h - c o p u l a t i o n s  
( T a b l e  15) .
C u r l  and S y m 2  p e r f o r m e d  m o u n t s .  T h r e e  t i m e s  C u r l  p e r ­
f o r m e d  s e x u a l  a p p r o a c h e s ,  t h r o a t - p l a c e s ,  and l i c k s  to a f e m a l e  on 
15 S e p t e m b e r .  l i e  l i f t e d  h i s  f o r e f e e t  o ff  the  g r o u n d  a s  m o u n t s  d u r in g  
th e  s e c o n d  and th ir d  t h r o a t - p l a c e s .  She  w i t h d r e w  e a c h  t i m e .  O n 2 9 
O c t o b e r ,  S y m 2 s t o o d ,  p e r f o r m e d  a s e x u a l  a p p r o a c h  and then  a n o s e  to  
th e  r u m p  of  a b e d d e d  f e m a l e .  She s t o o d  and t r o t t e d  a w a y  f r o m  h i m .  
g y m 2 f o l l o w e d ,  p e r f o r m e d  tw o  t h r o a t - p l a c e s ,  and l i f t e d  h i s  f o r e f e e t  
f r o m  the  g r o u n d  d u r in g  a m o u n t .  She w i t h d r e w .  B e  f o l l o w e d .
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p e r f o r m e d  t h r e e  t h r o a t - p l a c e s  and a n o t h e r  m o u n t .  She w i t h d r e w ,  and  
h e  no  l o n g e r  f o l l o w e d  h e r .
B r u t e  c o p u l a t e d  w i th  a f e m a l e  y e a r l i n g  at  0 7 58  on 9 S e p t e m b e r .  
T h e  m o u n t - w i t h - c o p u l a t i o n  w a s  p r e c e d e d  by  f o u r  r u m p  n o s e s ,  tw o  
t h r o a t  - p l a c e s ,  tw o  g r o o m s  to  h e r  b a c k ,  and f i v e  m o u n t s .  H is  p e n i s  
u n s h e a t h e d  d u r in g  th e  t h i r d  m o u n t ,  and h e  r a i s e d  onto  h i s  h i n d l e g s  and  
c o n t a c t e d  h i s  c h e s t  to  h e r  r u m p  on the  fo u r th  m o u n t .  He then  p e r f o r m e d  
a l i c k  to  h e r  b a c k  w h i l e  s t a n d i n g  d i r e c t l y  b e h in d  h e r ,  r a i s e d  o n to  h i s  
h i n d l e g s ,  p o s i t i o n e d  h i s  u n s h e a t h e d  p e n i s ,  m o v e d  s l i g h t l y  f o r w a r d ,  and  
l e a p e d  f o r w a r d  and u p w a r d  a s  c o p u l a t i o n  o c c u r r e d .  B r u t e ' s  l e a p  s e n t  
h e r  f o r w a r d  about  1 m .  A f t e r  he  b a c k e d  off  of  h e r ,  s h e  s t o o d  w i t h  h e r  
b a c k  a r c h e d  f o r  15 s e c o n d s ,  and r e m a i n e d  s t a n d in g  f o r  3 m i n u t e s  45  
s e c o n d s .  She e x c r e t e d  s o m e  l iq u id  a f t e r  c o p u la t io n .  B r u t e  f a c e d  the  
y e a r l i n g ,  w h o  w a s  2 m  a w a y ,  f r o m  0 7 5 8  to  0 8 1 0 .  B r u t e  n o s e d  the  
g r o u n d  b e l o w  w h e r e  h e r  r u m p  w a s  p o s i t i o n e d  d u r in g  c o p u la t io n  and  
d i s p l a y e d  a 22 s e c o n d - l o n g  F l e h m e n  at 0 8 1 3 .  She  b e g a n  b r o w s i n g  at  
0 8 0 4 ,  t h e n  b e d d e d  at 0 8 1 3 .  He p e r f o r m e d  a n o s e  to  h e r  1 m in u t e  l a t e r ,  
c a u s i n g  h e r  to  s t a n d .  He th e n  p e r f o r m e d  a n o s e  to  the  g r o u n d  s h e  
v a c a t e d ,  but  did not  d i s p l a y  a F l e h m e n .  She  b e d d e d  aga in  at 0 8 1 6 .
B r u t e  a t t e m p t e d  to  c o p u l a t e  w i th  a n o t h e r  f e m a l e  y e a r l i n g  f r o m  
135 9  to  1552  l a t e r  that  d ay .  T h i s  y e a r l i n g  s h o w e d  that c o o p e r a t i o n  i s  
n e c e s s a r y  to  e f f e c t  c o p u l a t i o n  in  e lk .  She  c o n t i n u a l l y  m o v e d  a w a y  f r o m  
h i s  s e x u a l  a p p r o a c h e s  and  c o n t a c t s .  B r u t e  p e r f o r m e d  55 n o s e s  o r  l i c k s
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to  h e r  r u m p  and 5 l i c k s  t o  h e r  b a c k  a s  s h e  s t o o d ,  16 n o s e s  o r  l i c k s  a s  
s h e  b e d d e d ,  50 t h r o a t - p l a c e s ,  tw o  m o u n t s ,  and tw o  F l e h m e n s .  H is  
p e n i s  p a r t l y  u n s h e a t h e d  d u r in g  one  t h r o a t - p l a c e .  T h e  r e s t  of the  g r o u p  
th e n  s t o o d ,  and t h e  h a r e m  g r a z e d .  B r u t e  r e s u m e d  t y p i c a l  h e r d i n g  
b e h a v i o r  and did not  a p p r o a c h  the  y e a r l i n g  a g a in  f o r  at l e a s t  15 m i n u t e s .
F e m a l e s  s t a n d in g  w i th  r e a r  l e g s  s p r e a d  a p p a r e n t l y  s t i m u l a t e d  
b u l l s  to p e r f o r m  s e x u a l  a p p r o a c h e s  to  t h e m ,  p r o b a b l y  b e c a u s e  the  
f e m a l e s  a p p e a r e d  to  b e  s t a n d in g  to  r e c e i v e  a m o u n t .  B u l l s  p e r f o r m e d  
s e x u a l  a p p r o a c h e s  to  n u r s i n g  c o w s  13 t i m e s ,  and to f e m a l e s ,  s ta n d in g  
w it h  r e a r  l e g s  s p r e a d  w h i l e  s t r e t c h i n g  o r  s e l f - g r o o m i n g  t w i c e .
W a l lo w ,  A n t l e r - r u b ,  - s c r a p e ,  and - t h r a s h
W a l l o w s ,  a n t l e r - r u b s ,  a n t l e r - s c r a p e s ,  and a n t l e r - t h r a s h e s  
o c c u r r e d  c o m m o n l y  f r o m  1 S e p t e m b e r  to  2 9 O c t o b e r  (the l a s t  l e n g t h y  
o b s e r v a t i o n s  of a r u t t i n g  b u l l ) .  T h e  p o l i s h e d - a n t l e r e d  b u l l s  a p p a r e n t l y  
h ad  p e r f o r m e d  a n t l e r - r u b s  and a n t l e r - t h r a s h e s  b e f o r e  1 S e p t e m b e r  
( s e e  G r o w th  and P e l a g e  C h a n g e ) .
A n t l e r - t h r a s h e s  w e r e  m o r e  f r e q u e n t  (73.1%; 49  of 67) than  
a n t l e r - s c r a p e s  (23.9%; 16 of  67)  o r  a n t l e r - r u b s  (3.0%; 2 of 6 7 ) .
P l a n t s  c o n t a c t e d  d u r in g  t h r a s h e s  r a n g e d  in s i z e  f r o m  0 .3  m  t a l l  s n o w -  
b e r r y  (S y m p h o r i c a r p o s ), 1 m  t a l l  c a t t a i l s  (T y p h a ), 2 m  t a l l  P o n d e r o s a  
p i n e ,  and  4 m  t a l l  d e c i d u o u s  t r e e s .  S y m 2  ru b b ed  o n e  s i d e  of  h i s  h e a d  
a g a i n s t  s o m e  b r u s h  d u r in g  an a n t l e r - t h r a s h  on 29  O c t o b e r .  T h r a s h e s
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r a n g e d  f r o m  10 s e c o n d s  to  17 m i n u t e s  24  s e c o n d s  (X = 5 m ln .  , 2 2 . 7  s e c .  , 
n = 34 ) .
T h e  a n t l e r - t h r a s h e s  that p r e c e d e d  w a l l o w s  (24.5%; 12 of 49  
w a l l o w s )  w e r e  u s u a l l y  p e r f o r m e d  in  one  of the  s e v e r a l  c a t t a i l  p o n d s .  
A f t e r  l y i n g  dow n,  b u l l s  o f t e n  r o l l e d  onto  t h e i r  s i d e s ,  dug w i th  t h e i r  
a n t l e r s ,  and  p e r f o r m e d  t h r a s h e s  w i t h  the  c a t t a i l s .  B e d d in g  b o u t s  a f t e r  
a n t l e r - t h r a s h e s  l a s t e d  f r o m  1 m in u te  to s e v e r a l  h o u r s .  A f t e r  a w a l l o w ,  
b u l l s  w e r e  o f t e n  b l a c k  w i th  m u d  and had s o m e  v e g e t a t i o n ,  u s u a l l y  
c a t t a i l s ,  h a n g in g  f r o m  t h e i r  a n t l e r s .  A few  a n t l e r - t h r a s h e s  in c lu d e d  
d ig g in g  o r  s t a m p i n g  w i th  the  f o r e f e e t  (8.2%; 4 of  4 9 ) ,  A b u l l ' s  p e n i s  
p a l p i t a t e d  d u r in g  an a n t l e r - t h r a s h  in  at l e a s t  one  i n s t a n c e .
M o s t  a n t l e r - s c r a p e s  w e r e  p e r f o r m e d  w h i l e  u r in a t in g  o n to  th e  
g r o u n d  o r  b o d y  (75.0%; 12 of  16).  A b u l l  u r in a t e d  onto  h i s  b o d y  w h e n  
n o t  p e r f o r m i n g  an a n t l e r - s c r a p e  on  tw o  o c c a s i o n s .  B u l l s  u r i n a t e d  onto  
t h e i r  b e l l i e s ,  f o r e l e g s ,  and,  w i th  the  h e a d  l o w e r e d  c l o s e  to  th e  g r o u n d ,  
th e  v e n t r a l  s u r f a c e  of t h e i r  n e c k s .  T h e  b u l l  l a y  on the  s c r a p e - u r i n a t e d  
s p o t  on f i v e  o c c a s i o n s .  O n c e  a b u l l  p a w e d  the  g r o u n d  w i th  a f o r e f o o t  
w h i l e  d i s p l a y i n g  an a n t l e r - s c r a p e .
L o w e r e d  H ea d  P o s t u r e  and Jaw
F e m a l e s  f r e q u e n t l y  d i s p l a y e d  l o w e r e d  h e a d  p o s t u r e s  and j a w s  
in  r e s p o n s e  to  s e x u a l  a p p r o a c h e s ,  n o s e s ,  l i c k s ,  t h r o a t - p l a c e s ,  and  
m o u n t s .  M o s t  l o w e r e d  h e a d  p o s t u r e s  o c c u r r e d  w h i l e  m o v i n g  or
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s t a n d i n g  (77.5%; 62 of  80 ) .  In m o s t  of  t h e s e  i n s t a n c e s ,  the  f e m a l e  
p e r f o r m e d  a ja w  w h i l e  in th e  l o w e r e d  h e a d  p o s t u r e  and l o c o m o t e d  a w a y  
f r o m  the  b u l l  (77.4%; 48  of 6 2 ) .  A b u l l  a p p r o a c h i n g  f r o m  a s  f a r  a w a y  
a s  6 m  s t i m u l a t e d  f e m a l e s  to  p e r f o r m  j a w s ,  but in  m o s t  c a s e s  c o n t a c t  
w a s  m a d e  b e f o r e  a f e m a l e  p e r f o r m e d  a j a w .  F e m a l e s  o c c a s i o n a l l y  
m o v e d  t h e i r  h e a d s  f r o m  s i d e  to  s i d e  w h i l e  r e t r e a t i n g  in the l o w e r e d  
h e a d  p o s t u r e .  T h e y  u s u a l l y  o p e n e d  and c l o s e d  t h e i r  m o u t h s  5 - 1 0  t i m e s  
p e r  j a w .  One f e m a l e  o p e n e d  and c l o s e d  h e r  m o u th  30 t i m e s  a s  B r u t e  
c l o s e l y  a p p r o a c h e d  h e r .  A n o t h e r  f e m a l e  did s o  78 t i m e s  a s  B r u t e  
w a l k e d  b e s i d e  h e r  on t h e  o t h e r  s i d e  of  a f e n c e .  O n e  c ow  d i s p l a y e d  a  
n o s e  to  B r u t e ' s  in g u in a l  r e g i o n ,  w i th o u t  c o n t a c t ,  th en  t u r n e d  and p e r ­
f o r m e d  a l o w e r e d  h e a d  p o s t u r e  and a ja w  a s  s h e  w i t h d r e w .
B e d d e d  f e m a l e s  o c c a s i o n a l l y  d i s p l a y e d  l o w e r e d  h e a d  p o s t u r e s  
and j a w s  w h e n  a b u l l  p e r f o r m e d  a s e x u a l  a p p r o a c h  o r  c o n t a c t e d  t h e m .  
T h e  o n ly  i n s t a n c e  of  a f e m a l e  p e r f o r m i n g  a ja w  w h e n  not a s s u m i n g  a 
l o w e r e d  h e a d  p o s t u r e  w a s  d i s p l a y e d  b y  b e d d e d  C ow  1 a s  s h e  l i f t e d  h e r  
n o s e  to  about  70° e ig h t  t i m e s  w h i l e  o p e n in g  and c l o s i n g  h e r  m o u t h  a s  
l A  s t o o d  b e s i d e  h e r .
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DISCUSSION
G roup B e h a v i o r
T h e  s o c i a l  r e g i m e s  of c ow  and b u l l  g r o u p s  of the  e lk  of the
N a t i o n a l  B i s o n  R a n g e  w e r e  s i m i l a r  to  t h o s e  of r e d  d e e r  a s  d e s c r i b e d
b y  D a r l i n g  (1 937):
T h e  s o c i a l i t y  of r e d  d e e r  i s  m a t r i a r c h a l ,  and the a p p a r e n t  
m o d i f i c a t i o n  of  t h i s  s t r u c t u r e  f o r  a s h o r t  s e a s o n  o f  the  y e a r  d o e s  
not b r e a k  up the  m a t r i a r c h y  and e s t a b l i s h  a p a t r i a r c h y .
T h e  s t a g  c o m p a n y  i s  a  n u m b e r  of e g o c e n t r i c  m a l e s  and i s  a 
v e r y  l o o s e  o r g a n i z a t i o n .  T h e r e  i s  no  a p p a r e n t  l e a d e r ,  though  
one  a n i m a l  m a y  b e  in  a p o s i t i o n  to  b u l l y  the  r e s t ,  w h ic h  i s  q u i te  
a d i f f e r e n t  th in g .
A l e r t - a l a r m  B e h a v i o r  
T o u r i s t s  and  b i o l o g i s t s  o b s e r v e d  that  the  e lk  of U p p e r  South  
and  L o w e r  South r a n g e s  b e c a m e  w i l d e r  s i n c e  the  f i v e  o r i g i n a l  i n d i v i d u a l s  
of t h i s  g r o u p  w e r e  r e l e a s e d  in  1 9 7 2 .  It s e e m s  l i k e l y  that  t h i s  t r e n d  
t o w a r d  w i l d n e s s  w i l l  c o n t i n u e ,  un t i l  t h e y  b e c o m e  about  a s  w i l d  a s  G rou p  
3 e l k .  W ith  t h i s  c h a n g e  m a y  c o m e  a s h i f t i n g  in u s e  of the  R a n g e  - - l e s s  
u s e  of  th e  h u m a n l y  d i s t u r b e d  a r e a s  and m o r e  u s e  of th e  u n d i s tu r b e d  
r e g i o n s .  It i s  i m p o s s i b l e  to  p r e d i c t  w h e t h e r  e lk  f r o m  G r o u p s  1 and 3 
w i l l  f r e q u e n t l y  a s s o c i a t e  out of  the  rut  in  the  n e a r  f u t u r e .
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H o ld in g  the  m o u th  o p e n  d u r in g  d i s t u r b i n g  c o n d i t i o n s ,  d i s p l a y e d  
b y  R o c k y  M o u n ta in  e l k  on the  B i s o n  R a n g e  and b y  tu le  e lk  (M c C u l lo u g h  
1 9 6 6 ) ,  w a s  not  p e r f o r m e d  b y  R o o s e v e l t  e lk  ( B o w y e r  1 976) ,  T h e  e lk  
s u b s p e c i e s  m a y  r e a c t  to  s i m i l a r  c o n d i t io n s  w i th  d i f f e r e n t  d i s p l a y s .
V o c a l i z a t i o n
T h e r e  a r e  p r o b a b l e  f u n c t io n s  to  a l l  v o c a l i z a t i o n s  b y  e lk .
C a l v e s  s q u e a l i n g  w h e n  d i s t u r b e d ,  w h ic h  a t t r a c t e d  c o w s '  a t t e n t io n  and  
b r o u g h t  t h e m  to the  s c e n e  of a d i s t u r b a n c e ,  w o u ld  o f ten  b e n e f i t  the  
c a l f .  C ow  5 c h a s e d  a g r o u p  of  c o y o t e s  w h e n  t h r e e  c a l v e s  w e r e  n e a r b y ,  
and c o w s  s o m e t i m e s  f ig h t  p r e d a t o r s  in d e f e n s e  of t h e i r  yo u n g  (Seton  
1 9 2 9 ,  M u r ie  19 5 1 ,  A l t m a n n  1 9 52 ,  M c C u l lo u g h  19 6 6 ) .  C o w s  c a l l i n g  
t h e i r  c a l v e s  b e f o r e  s u c k l i n g s  c o u ld  i n c r e a s e  th e  a m o u n t  of  m i l k  
i n g e s t e d  b y  th e  c a l v e s ,  and  s o  h e lp  t h e i r  g r o w t h .  C o w s  and c a l v e s  
v o c a l i z e d  to  o n e  a n o t h e r  f r e q u e n t l y  w h e n  not in  n u r s i n g  a c t i v i t i e s .  A 
c o n t i n u o u s  d ia lo g u e  b e t w e e n  c o w s  and c a l v e s  m a y  h e l p  to  k e e p  the  
a n i m a l s  t o g e t h e r  ( M u r ie  1 9 3 2 ,  A l t m a n n  19 5 6 b ) ,  and an i n t e r r u p t i o n  in  
the  c a l l i n g s  m a y  c o m m u n i c a t e  d a n g e r  o r  w a r n i n g  (A l tm a n n  19 6 3 ) .  
H o w e v e r ,  c o w s  v o c a l i z i n g  d u r in g  a d i s t u r b a n c e  a p p e a r e d  to  a l e r t  the  
g r o u p  m e m b e r s  to  the  s i t u a t i o n  and p r o b a b l y  a s s i s t e d  in  c o h e s i v e  
a c t i o n .  C o w s  n e a r i n g  p a r t u r i t i o n  w e r e  not o b s e r v e d  b u g l in g ,  a s  
r e p o r t e d  e l s e w h e r e  ( M u r ie  1 9 3 2 ,  1 9 5 1 ,  A l t m a n n  1 9 5 2 ,  1 9 5 6 a ,  1 9 6 3 ) .
U r i n a t i o n  and D e f e c a t i o n
U r i n a t i n g  and d e f e c a t i n g  in  r e s p o n s e  to  a d i s t u r b a n c e  m a y  
s e r v e  a s  a l e r t i n g  s i g n a l s  to  the  r e s t  of  th e  g r o u p  ( G e i s t  1 96 6 ) .  It m a y
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b e  a d v a n t a g e o u s  f o r  e lk  to  v o i d  t h e m s e l v e s  of w a s t e  b e f o r e  p o s s i b l y  
t a k i n g  f l i g h t .  At l e a s t  two o c c u r r e n c e s  of u r in a t io n  p o s t u r e s  w e r e  
o b s e r v e d ,  but o n e  a u t h o r  r e p o r t e d  that  e lk  d i s p l a y  no c o n s p i c u o u s  
u r i n a t i o n  p o s t u r e  ( G e i s t  1 9 6 6 ) .
C a l v i n g  and C o w - c a l f  B e h a v i o r  
H abita t  P r e f e r e n c e  D u r in g  C a lv in g
E lk  s t a y e d  in  c o n i f e r o u s  t i m b e r  and t i m b e r - g r a s s l a n d  e d g e  
m o r e  o f t e n  d u r in g ,  and up to  3 w e e k s  f o l l o w i n g ,  p a r t u r i t io n  than d u r in g  
a n y  o t h e r  t i m e  f r o m  A p r i l  th r o u g h  N o v e m b e r .  S o m e  R o c k y  M o u n ta in  e lk  
c o w s  s e e m  to  s e e k  a s a f e  p l a c e  f o r  c a l v i n g  ( th is  s t u d y ,  J o h n s o n  1 95 1 ,  
A l t m a n n  1 9 6 3 ,  F r a s e r  1968);  h o w e v e r ,  o t h e r  c o w s  s e e m  to  sh o w  no  
s u c h  b e h a v i o r  ( M u r ie  1 95 1 ) .  T u le  e lk  a p p a r e n t l y  c a l v e d  a w a y  f r o m  
a r e a s  u s e d  f r e q u e n t l y  b y  e lk  th r o u g h o u t  the  y e a r  ( M c C u l lo u g h  19 6 6 ) .
R e d  d e e r  g e n e r a l l y  do not  s e e k  e s p e c i a l l y  s a f e  c a l v i n g  a r e a s  ( D a r l in g  
1 9 3 7 ) .
H id in g  B e h a v i o r
E l k  c a l v e s  m o v e d  s l o w l y  and h e ld  t h e i r  n o s e s  c l o s e  to  the  
g r o u n d  b e f o r e  h id in g  o r  w h i l e  s t a n d in g  b e t w e e n  h i d e s .  P r o n g h o r n  
f a w n s  m o v e d  to  h id in g  l o c a t i o n s  and h id  v e r y  s i m i l a r l y  to  e lk  c a l v e s  
w h e n  e x e c u t i n g  the  " m o v e  to  l i e  s e c l u d e d "  ( A u t e n r i e t h  and F i c h t e r  
1 9 7 5 ) .  H id in g  b e h a v i o r  h a s  b e e n  d e s c r i b e d  f o r  r e d  d e e r  ( D a r l i n g  1 9 3 7 ,  
B u b e n i k  1965  in L ent  197 1 )  and w a p i t i  ( M u r ie  1 9 5 1 ,  A l t m a n n  1 9 5 2 ,  
d e  V o s  e t  a l .  196 7 ) .  H id ing  b e h a v i o r  f u n c t i o n s  " a s  a s t r a t e g y  f o r  
a v o i d i n g  p r e d a t i o n  and a s  a m e a n s  of g r a d u a l l y  in t r o d u c i n g  the  infant
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in t o  a  c l o s e d  s o c i a l  grou p "  (L ent  197 1 ) .
S o m e  B i s o n  R a n g e  c o w s  r e t u r n e d  to  t h e i r  y o u n g ,  h id in g  c a l v e s  
d u r i n g  b o th  the  d a y  and n ig h t .  T u le  e lk  c o w s  a p p a r e n t l y  did not r e t u r n  
to  t h e i r  c a l v e s  d u r in g  the  d a y  (M c C u l lo u g h  1966) .
C o w  B e h a v i o r  W hen  w i th  H e r  Y o u n g  C a l f
C o w s  a p p e a r e d  r e l u c t a n t  to  l e a v e  a r e a s  d u r in g  a d i s t u r b a n c e  
w h e n  t h e i r  y o u n g  c a l v e s  w e r e  h id in g  n e a r b y ,  but t e n d e d  to ta k e  f l ig h t  
w h e n  t h e i r  c a l v e s  w e r e  o l d e r .  T h e r e  a r e  p r o b a b l e  s e l e c t i v e  a d v a n ­
t a g e s  f o r  a c o w  to  s t a y  n e a r  h e r  v e r y  y o u n g ,  h id in g  c a l f  d u r in g  a 
p o t e n t i a l l y  d a n g e r o u s  s i t u a t i o n ,  and to run f r o m  s u c h  a d i s t u r b a n c e  
w h e n  th e  c a l f  i s  o l d e r  and s t r o n g  e n o u g h  to  f o l lo w  q u ic k ly .  C o w s  s t o o d  
a l m o s t  m o t i o n l e s s l y  f o r  h o u r s  a s  t h e i r  y o u n g  c a l v e s  b e d d e d  n e a r b y .
Such b e h a v i o r  w o u ld  m a k e  t h e  cow  l e s s  c o n s p i c u o u s  to  p r e d a t o r s ,  
p e r m i t  the  c o w  to  g u a r d  th e  c a l f  f r o m ,  and a l e r t  the  c a l f  to ,  p r e d a t o r s ,  
an d  a l lo w  th e  c o w - c a l f  p a i r  to  o b s e r v e  o n e  a n o t h e r  and to  p e r f o r m  
n u r s i n g s ,  s o c i a l - g r o o m s ,  e t c .  m o r e  e a s i l y .
S o c i a l  I n t e g r a t io n
C o w s  and c a l v e s  of  the  B i s o n  R a n g e  j o i n e d  o t h e r  e lk  w h e n  the  
c a l v e s  w e r e  l e s s  than 1 w e e k  o ld .  T h e  y o u n g  a g e s  at w h ic h  c a l v e s  and  
t h e i r  c o w s  j o i n e d  the  r e s t  of  the  e lk ,  c o m p a r e d  to  R o c k y  M o u n ta in  e l k  
a t  o t h e r  l o c a t i o n s  ( H a r p e r  et  a l .  1967., A l t m a n n  19 6 3 )  and R o o s e v e l t  e lk  
( L ie b  197 3 )  c o u ld  b e  due  to  e i t h e r  the  h e r d ' s  c o h e s i v e n e s s  and s m a l l  
s i z e  o r  t o  the  " c o n s i d e r a b l e  v a r i a t i o n  in th i s  p e r io d "  ( A l tm a n n  1 9 5 2 ) .
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N u r s i n g  B e h a v i o r
N u r s i n g  b e h a v i o r  in  E o o s e v e l t  e lk  w a s  u s u a l l y  in i t ia t e d  by  a 
c a l l  f r o m  the  c o w  ( B o w y e r  1 9 7 6 ) .  Such  c a l l s  w e r e  r a r e l y  h e a r d  f r o m  
R a n g e  e lk .  M c C u l l o u g h ' s  (1966)  d e s c r i p t i o n  of  n u r s i n g  i n i t ia t i o n  in  
t u l e  e l k  i s  c o n f u s i n g .  He s t a t e d  that n u r s i n g  w a s  u s u a l l y  in i t ia t e d  b y  
th e  c o w  b y  s o m e  s i g n a l ,  p r o b a b l y  a u d i t o r y ,  and that the  c a l f  w a s  
" n e v e r  r e j e c t e d .  " But c a l v e s  a t t e m p t in g  to  i n i t i a t e  n u r s i n g  w e r e  
" o n ly  o c c a s i o n a l l y  s u c c e s s f u l .  " S i n c e  h e  did not d e t e r m i n e  the  
i d e n t i t y  of the  s i g n a l ,  it s e e m s  i m p o s s i b l e  to d i f f e r e n t i a t e  b e t w e e n  
c o w -  and c a l f - i n i t i a t e d  s u c k l e s  and a t t e m p t s  to  s u c k l e .
V o c a l i z a t i o n s  b e f o r e  s u c k l e s  w e r e  h e a r d  on f i v e  o c c a s i o n s .  
R e a s o n s  f o r  t h i s  i n f r e q u e n c y  i n c lu d e  lo n g  v i e w i n g  d i s t a n c e s ,  h ig h w a y  
n o i s e ,  th e  p r o b a b l e  d i r e c t i v e n e s s  of  the  c a l l s ,  and,  I b e l i e v e ,  the  
c o m m o n  a b s e n c e  of  v o c a l  s o l i c i t a t i o n .
E ig h t  of the  n in e  c a l f - e n d e d  s u c k l e s  w e r e  b y  C a l f  1 w h e n  s h e  
w a s  4 - 7  d a y s  o ld ,  i n d ic a t in g  a s e l e c t i v e  a d v a n t a g e  f o r  c o w s  to  p e r m i t  
t h e i r  v e r y  yo u n g  c a l v e s  t o  s u c k l e  a s  l o n g  a s  t h e y  w a n t .  C o w s  a l m o s t  
a l w a y s  t e r m i n a t e d  s u c k l i n g s  w h e n  t h e i r  c a l v e s  w e r e  o l d e r  than  1 w e e k .  
Su ch  a c h a n g e  in  t e r m i n a t i o n  of n u r s e s  h a s  b e e n  d e s c r i b e d  f o r  o t h e r  
u n g u l a t e s  (L en t  19 7 1 ) .
T h e  r a t e  o f  n u r s e s  p e r  24 h o u r s  f o r  e a c h  m o n th  f o r  B i s o n  
R a n g e  c a l v e s  w e r e  l e s s  than f o r  r e d  d e e r ,  w h ic h  s u c k l e d  s i x  t i m e s  p e r  
d a y  in  the  f i r s t  3 - 4  w e e k s ,  but the  B i s o n  R a n g e  c a l v e s  s u c k l e d  m o r e
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f r e q u e n t l y  than  the  3 t i m e s  p e r  day  n o t e d  f o r  2 - m o n t h  r e d  d e e r  
( B u b e n ik  1965  in L ent  19 7 1 ) .  If B u b e n i k ' s  (1965)  d e f in i t io n  of "day"  
w a s  " d a y l ig h t  h o u r s ,  " m y  f i n d in g s  w o u ld  be  m u c h  l e s s  than h i s  f o r  
th e  y o u n g  c a l v e s ,  but s i m i l a r  to  h i s  f o r  the 2 - m o n t h - o l d  c a l v e s .
O t h e r  p o p u l a t i o n s  of  R o c k y  M o unta in  c a l v e s  s u c k l e d  f i v e  to  s i x  t i m e s  
p e r  d a y  ( H a r p e r  et  a l .  196 7 ) .  T h e  f r e q u e n c y  of s u c k l e s  of v e r y  yo u n g  
C a l f  1 i s  s i m i l a r  to  o t h e r  R o c k y  M ounta in  e lk ,  w h o  t e n d e d  to  s u c k l e  
m o s t  f r e q u e n t l y  r ig h t  a f t e r  b i r t h  (A l tm a n n  19 63 ) ,  A l l  s p e c i e s  of  
c e r v i d s  s t u d i e d  b y  o n e  a u th o r  d i s p l a y e d  "a m a r k e d  d e c r e a s e  in  f r e ­
q u e n c y  of  n u r s i n g .  . . a s  the  o f f s p r i n g  a g e "  (L ent  19 7 1 ) .  W e a n in g ,  
i n i t i a t e d  b y  the  d e c r e a s e  in r a t e  and d u r a t io n  of s u c k l e s  a s  the  c a l v e s  
a g e d ,  to o k  p l a c e  in  O c t o b e r .  R o c k y  M ounta in  e l k  c a l v e s  a r e  r e p o r t e d  
to  b e  w e a n e d  b y  N o v e m b e r  ( H a r p e r  et a l .  196 7 ) ,  but m a y  s t i l l  s u c k l e  
in  D e c e m b e r  (J o h n so n  19 5 1 )  and J a n u a r y  (M u r ie  1 9 5 1 ) .  If a  r e d  d e e r  
c o w ' s  a b i l i t y  to g i v e  m i l k  w a n e s  o r  if  s h e  d i e s  in th e  f a l l ,  " t h e r e  i s  
l i t t l e  h o p e  of the c a l f  s u r v i v i n g "  ( D a r l i n g  1 9 3 7 ) .  C a l f  5, h o w e v e r ,  
s u r v i v e d  h e r  m o t h e r ' s  d i s a p p e a r a n c e  w h e n  the  c a l f  w a s  17 w e e k s  o ld .  
T h e  f r e q u e n c y  and d u r a t io n  of n u r s e s  in R o o s e v e l t  e l k  w e r e  v i r t u a l l y  
c o n s t a n t  f r o m  A u g u s t  th r o u g h  O c t o b e r  ( B o w y e r  1 9 7 6 ) .  B o th  f r e q u e n c y  
and d u r a t io n  of s u c k l e s  d e c l i n e d  f r o m  Ju n e  t h r o u g h  O c t o b e r  in  R a n g e  
e l k .  T h i s  d e c r e a s e  in  n u r s i n g  b e h a v i o r  w a s  c o u p l e d  w i th  an  i n c r e a s e  
in  g r a z i n g  and b r o w s i n g .
T w o  B i s o n  R a n g e  e l k  c a l v e s  p e r f o r m e d  tw o  t h i e f - s u c k l e s  e a c h .
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a l l  w h i l e  th e  cow w a s  n u r s i n g  h e r  ow n c a l f .  T h i e f - s u c k l e s  w e r e  p e r ­
f o r m e d  o n c e  b y  a t u l e  e l k  c a l f  ( M c C u l lo u g h  1966) ,  o n c e  by  a R o o s e v e l t  
e l k  c a l f  ( B o w y e r  1 9 7 6 ) ,  and  t w i c e  in s e v e r a l  h u n d re d  o b s e r v a t i o n s  of  
c a r i b o u  (R a n g i f e r  t a r a n d u s ) n u r s i n g s  (Lent  1971) .
T h e  s i g n i f i c a n t  i n c r e a s e  of s u c k l e  a t t e m p t s  o v e r  s u c c e s s f u l  
s u c k l e s ,  in  d i s t u r b e d  c o m p a r e d  to  u n d i s tu r b e d  s i t u a t i o n s ,  s h o w e d  that  
c o w s  t e n d e d  to p r o h ib i t  s u c k l e s  u n d e r  t r o u b le d  c o n d i t i o n s .  U n g u la te  
y o u n g  of  m a n y  s p e c i e s  a t t e m p t  to s u c k l e  d u r in g  a d i s t u r b a n c e ,  and  
t h e s e  a l e r t e d  m o t h e r s  a l s o  ten d  to  p r o h ib i t  n u r s i n g  (Lent  197 1 ) .  C o w s  
w e r e  e v i d e n t l y  l e s s  a l e r t e d  b y  b i s o n  than b y  h u m a n s ,  i n d ic a t e d  b y  the  
t w o  s u c k l e s  p e r m i t t e d  d u r in g  a b i s o n  b u l l  d i s t u r b a n c e  (and o th e r  
a l a r m i n g  s i t u a t i o n s ) .
" N u r s e r y  g r o u p "  (A l tm a n n  1952)  o r  c r e c h e  f o r m a t i o n  w a s  not  
o b s e r v e d .  S t u d ie s  of  o t h e r  R o c k y  M ounta in  e l k  ( S t r u h s a k e r  1967)  and  
t u l e  e l k  ( M c C u l lo u g h  1966)  m a d e  no  m e n t i o n  of  s u c h  b e h a v i o r ,  and  a 
R o o s e v e l t  e lk  s t u d y  "found n o th in g  to  i n d ic a t e "  ( B o w y e r  1976)  the  
p r e s e n c e  o f  " ' e l k - c a l f - p o o l s '  w i t h  one  o r  tw o  c a r e t a k i n g  c o w s  in  
c h a r g e "  o f  f r o m  f o u r  to  70 c a l v e s  (A l tm a n n  1 9 5 2 ) .  O th e r  R o o s e v e l t  
e l k  s t u d i e s ,  h o w e v e r ,  o b s e r v e d  g r o u p s  o f  t h r e e  to  e ig h t  c a l v e s  w i t h  
o n e  o r  m o r e  c o w s  o r  f e m a l e  y e a r l i n g s  (L ie b  1 9 7 3 ,  F r a n k l i n  et a l .
1 9 7 5 ) .  T h e  e x i s t e n c e  of n u r s e r y  g r o u p s  c o u ld  b e  due to the  c a l v e s '  
t e n d e n c y  to  t r a v e l ,  g r a z e ,  and b e d  t o g e t h e r  r a t h e r  than the  c o w s  
i n t e n d in g  to  ta k e  c a r e  of  the  m a n y  c a l v e s  of  the  g r o u p .  T e m p o r a r y
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g r o u p i n g  of  e lk  d u r in g  and f o l l o w i n g  a d i s t u r b a n c e  c o u ld  c a u s e  an  
o b s e r v e r  to  a s s u m e  a g r o u p  of c a l v e s  to  be  un d er  the  s u p e r v i s i o n  of a 
l e s s e r  n u m b e r  o f  c o w s .
B e d d in g  B e h a v i o r
E l k  u s u a l l y  b e d d e d  s o  t h e y  did not  f a c e  d i r e c t l y  to w a r d  
a n o t h e r  e l k .  P o s s i b l e  f u n c t i o n s  of  t h i s  b e h a v i o r  a r e  to  a v o id  a g g r e s ­
s i v e  b e h a v i o r ,  to  u s e  f a v o r e d  b e d d in g  s p o t s ,  to  o r i e n t  t h e m s e l v e s  
c o m f o r t a b l y  on s l o p e s ,  to  u t i l i z e  s o l a r  r a d ia t io n  c o r r e c t l y  at  d i f f e r e n t  
t i m e s  o f  d ay ,  to a v o id  s t r o n g  w i n d s ,  and to  m a x i m i z e  the  c o l l e c t i v e  
o b s e r v a t i o n  o f  t h e i r  s u r r o u n d i n g s .
M u t u a l - g r o o m
M u t u a l - g r o o m s  b e t w e e n  a co w  and h e r  c a l f  w e r e  s i g n i f i c a n t l y  
l o n g e r  than s i m p l e  cow  to  c a l f  s o c i a l - g r o o m s .  S in c e  g r o o m s  c l e a n  the  
p e l a g e ,  t h e r e  m a y  b e  a s e l e c t i v e  a d v a n t a g e  f o r  c a l v e s  to  s o c i a l - g r o o m  
t h e i r  c o w s  and s o  l e n g t h e n  the  g r o o m s  r e c e i v e d .
N o s e - t o - n o s e
D o m in a n t  G rou p  1 e lk  o c c a s i o n a l l y  i n i t ia t e d  n o s e - t o - n o s e s  
w it h  s u b d o m in a n t  i n d i v i d u a l s .  N o s e - t o - n o s e s  in R o o s e v e l t  e lk  
( " p r e s e n t s " ) ,  h o w e v e r ,  w e r e  p e r f o r m e d  a s  s u b o r d i n a t e  in d iv i d u a l s  
" c a u t i o u s l y  a p p r o a c h e d  a d o m in a n t  one" ( B o w y e r  1 9 7 6 ) .  N o s e - t o - n o s e s  
m a y  s e r v e  a s  g r e e t i n g s  o r  in d iv id u a l  i d e n t i f i c a t i o n s ,  e v i d e n c e d  b y  
t h e i r  e x h i b i t io n  b e f o r e  s u c k l e s  o r  s u c k l e  a t t e m p t s  (3.0%; 19 of  2 98
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s u c k l e s  o r  a t t e m p t s ) ,  d u r in g  the  j o i n i n g  of  tw o  g r o u p s  of e lk  (5 
i n s t a n c e s ) ,  and b e f o r e  c o w - c a l f  s o c i a l - g r o o m s  (0.9%; 4 of 43 s o c i a l -  
g r o o m s ) .  A g g r e s s i v e  a c t s  l e s s  f r e q u e n t l y  f o l l o w e d  n o s e - t o - n o s e s  than  
n o s e s ,  p r o b a b l y  due to  the  m o r e  c o o p e r a t i v e  n a t u r e  of t h i s  b e h a v i o r .
M ount ,  T h r o a t - p l a c e ,  and C h e s t - b u m p  by  
E lk  o t h e r  than R u tt in g  M a le s
C l a s s i f y i n g  m o u n t s ,  t h r o a t - p l a c e s ,  and c h e s t - b u m p s  b y  e lk  
o t h e r  than  r u t t in g  m a l e s  a s  d o m i n a n c e  d i s p l a y s ,  w h ic h  h as  b e e n  done  
f o r  R o o s e v e l t  e lk  (L ie b  1 97 3 ,  B o w y e r  19 7 6 ) ,  b i s o n  (Lott  1 9 7 4 ) ,  and  
p r o n g h o r n  (K itc h e n  19 7 4 ) ,  w o u ld  b e  to o  s u b j e c t i v e  f o r  the  data c o l l e c t e d  
in  t h i s  s tu d y ,  b e c a u s e  t h e s e  b e h a v i o r s  w e r e  d i s p l a y e d  in  s e v e r a l  c o n ­
t e x t s  and a lo n g  w i t h  a v a r i e t y  of n o n - a g g r e s s i v e  d i s p l a y s .
H e a d - u p  T w i s t
An e lk  d i s p l a y i n g  a h e a d - u p  t w i s t  w a s  a p p a r e n t l y  a g g r a v a t e d  
o r  d i s t u r b e d .  T h i s  d i s p l a y  w a s  c a l l e d  " f l y - c h a s i n g  b e h a v i o r "  in  
M c C u l lo u g h  (196 6 ) .
A g g r e s s i v e  B e h a v i o r
H e a d - h i g h
H e a d - h i g h s  e x e c u t e d  w i th  u n f la t t e n e d  e a r s  p o s s i b l y  i n d i c a t e d  
l o w  i n t e n s i t y  a g g r e s s i v e  b e h a v i o r  b e c a u s e  e a r  f l a t t e n i n g  a l m o s t  a l w a y s  
a c c o m p a n i e d  the a p p a r e n t l y  m o r e  a g g r e s s i v e  d i s p l a y s .
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B i t e  and K ic k
B i t e s  and f o r e f o o t  k i c k s  b y  R o o s e v e l t  w e r e  s i m i l a r  to  t h o s e  of  
R a n g e  e lk ,  but R o o s e v e l t  e lk  m u c h  m o r e  f r e q u e n t l y  c o n t a c t e d  o t h e r  
i n d i v i d u a l s  w h e n  p e r f o r m i n g  t h e s e  a g g r e s s i v e  a c t s  (L ieb  1 9 7 3 ,  B o w y e r
1 9 7 6 ) .  F o r e f o o t  k i c k s  b y  t u l e  e l k  a l m o s t  n e v e r  r e s u l t e d  in  c o n ta c t  
( M c C u l lo u g h  196 6 ) ,  a s  w a s  t r u e  f o r  R a n g e  e lk .  W h i le  p e r f o r m i n g  a 
f o r e f o o t  k ic k ,  s o m e  R o c k y  M ounta in  e lk  h e ld  th e  n o s e  " n e a r ly  h o r i ­
z o n ta l"  ( S t r u h s a k e r  1 9 6 7 ) .  B i s o n  R a n g e  e lk ,  h o w e v e r ,  h e ld  the  n o s e  
abou t  2 0 “ a b o v e  th e  h o r i z o n t a l .
O th e r  R o c k y  M o u n ta in  e lk  m a y  p e r f o r m  h e a d - h i g h s  c o u p le d  
w it h  b i t e s  a s  R a n g e  e lk  d id .  S t r u h s a k e r  (1967)  s ta te d :  " E l e v a t i n g  the
m u z z l e  w a s  s o m e t i m e s  f o l l o w e d  b y  k ic k in g  w i th  a s t i f f  f o r e l e g  o r  b y  
the  e x t e n d e d - h e a d  t h r e a t .  " T h e  " e x t e n d e d - h e a d  t h r e a t"  w a s  s i m i l a r  
to  th e  h e r d - p o s t u r e  of  m y  s t u d y ,  but S t r u h s a k e r  (1967)  d e s c r i b e d  c o w s  
d i s p l a y i n g  t h i s  g e s t u r e  "in i t s  s i m p l e s t  f o r m .  " T h e  e x t e n d e d - h e a d  
t h r e a t  f o r  c o w s  w a s  a p p a r e n t l y  a b i t e ,  ju d g in g  f r o m  h i s  d e s c r i p t i o n  of 
t h i s  d i s p l a y  f o r  c o w s ,  and h i s  l a c k  of d e s c r i b i n g  b i t e s .  G e i s t  (1966)  
d e s c r i b e d  an " o p e n - m o u t h ,  h e a d - u p  d i s p l a y  a s  a b i t in g  t h r e a t .  " D i s ­
p l a y s  s i m i l a r  to  h e a d - h i g h s ,  but  not n o t e d  to  b e  in  c o n j u n c t io n  w ith  
b i t e s ,  w e r e  r e p o r t e d  f o r  tu l e  e l k  (M c C u l lo u g h  1966)  and R o o s e v e l t  e lk  
( B o w y e r  19 7 6 ) .
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A n t l e r  D i s p l a y
T h e  o n ly  i n s t a n c e  of  tw o  u n a n t l e r e d  e lk  d i r e c t i n g  t h e i r  f o r e ­
h e a d s  t o w a r d  one  a n o t h e r  in v o l v e d  Lei* and S /  on 30 A p r i l .  A n t l e r  
d i s p l a y s  m a y  b e  f i x e d  a c t i o n  p a t t e r n s  that  c an  b e  e x h ib i t e d  b e f o r e  
a n t l e r  g r o w t h .
H e a d - p u s h
H e a d - p u s h e s  w e r e  p e r f o r m e d  m o s t  o f t e n  b y  m a l e s ,  in d ic a t in g  
a s i m i l a r i t y  b e t w e e n  a n t l e r  u s e  and f o r e h e a d  u s e  in  a g g r e s s i v e  
b e h a v i o r .
H i e r a r c h i c a l  R e l a t i o n s h i p s
T h e  a g g r e s s o r s  in  n o n - c o n t a c t  a g g r e s s i v e  e n c o u n t e r s  in  
S t r u h s a k e r ' s  (1966)  s t u d y  w e r e  a l w a y s  the  s a m e  a g e  o r  o l d e r  than the  
e l k  d i s p l a y e d  t o w a r d  (w ith  p o s s i b l e  e x c e p t i o n s  of  c o w s  and b u l l s  o l d e r  
th a n  3 |  y e a r s ) .  H o w e v e r ,  s p i k e s  of the  R a n g e  i n f r e q u e n t l y  in i t ia t e d  
a g g r e s s i v e  e n c o u n t e r s  w i t h  c o w s .  T h e  l a c k  of  a g g r e s s i v e  b e h a v i o r  
b e t w e e n  L, /  and S c o u ld  h a v e  b e e n  due to o n e  of the  s p i k e s  b e i n g  s o  
d o m in a n t  that  c o n t e s t s  w e r e  u n n e c e s s a r y .  If that  w e r e  t r u e ,  the  
d o m i n a n c e  had  b e e n  e s t a b l i s h e d  b e f o r e  t h e y  w e r e  10 m o n t h s  o ld .  If 
n e i t h e r  o f  t h e s e  s i m i l a r l y  s i z e d  s p i k e s  w e r e  d o m in a n t ,  th e y  w e r e  
a p p a r e n t l y  c o m f o r t a b l e  w i t h  the  a r r a n g e m e n t .  In t u l e  e lk ,  c o w s  u s u a l l y  
w e r e  d o m in a n t  o v e r  2 &- y e a r - o l d  b u l l s  u n t i l  the  b u l l s  " d e v e lo p e d  
s e x u a l l y  to  the  s t a g e  w h e r e  t h e y  a r e  a d e q u a t e l y  a g g r e s s i v e  and i n i t i a t e
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e n c o u n t e r s  w i th  c o w s  b a s e d  on an a n t l e r  th r e a t"  (M c C u l lo u g h  1966) .  
L i m i t e d  o b s e r v a t i o n s  s u g g e s t  that t h i s  i s  t r u e  f o r  R a n g e  e lk  a l s o .
R o o s e v e l t  e lk  d i s p l a y e d  a h i g h e r  f r e q u e n c y  of a g g r e s s i o n  
b e t w e e n  s e x - a g e  g r o u p s  than w i t h in  g r o u p s ,  o t h e r  than the c a l v e s  
( L ie b  1 9 7 3 ) .  T h i s  w a s  g e n e r a l l y  t r u e  f o r  G roup 1 e lk ,  e x c e p t  f e m a l e  
y e a r l i n g s  to o k  p a r t  in a g g r e s s i v e  e n c o u n t e r s  w i th  o t h e r  f e m a l e  y e a r ­
l i n g s  m o r e  o f ten  than w i t h  c o w s .
D a i l y  A c t i v i t y  C y c l e  
T h e  d iu r n a l  p a t t e r n  of a c t i v i t y  s t r o n g l y  in d ic a t e d  that e lk  f e e d  
d u r in g  th e  n ig h t .  T h e  d i f f e r e n c e s  in f e e d i n g  and l o c o m o t i n g  p e r c e n t a g e s  
w h e n  a c t i v e  a p p e a r e d  to  sh o w  that the  e a r l y  m o r n i n g  and e v e n in g  p e r i o d s  
s e r v e  m a i n l y  a s  f e e d i n g  t i m e s ,  and the  m i d d a y  a c t i v e  p e r io d  s e r v e s  
b o th  m o v e m e n t  and f e e d i n g .  C r e p u s c u l a r  i n c r e a s e s  in  a c t i v i t y  h a v e  
b e e n  r e p o r t e d  f o r  R o o s e v e l t  e lk  ( B o w y e r  in p r e s s ) ,  tu le  e lk  ( M c C u l lo u g h  
1 9 6 6 ) ,  and R o c k y  M o u n ta in  e l k  ( M a c k ie  1 9 7 0 ,  S tehn  197 3 ) .  T h e  R o c k y  
M ou n ta in  e l k  of the  B i s o n  R a n g e  w e r e  l e s s  a c t i v e  than  R o o s e v e l t  e l k  in  
m i d d a y ,  and b e g a n  e v e n i n g  a c t i v i t i e s  l a t e r  than R o o s e v e l t  e lk  ( B o w y e r  
in  p r e s s ) .  B i s o n  R a n g e  e lk  g r a z e d  w h e n  f e e d i n g  l e s s  than R o o s e v e l t  
e lk  did (88% v s .  about  96%; B o w y e r  in p r e s s ) .  B r u t e ,  S y m 2 ,  and  
p r o b a b l y  th e  o t h e r  r u t t in g  b u l l s  w e r e  l e s s  a c t i v e  than R o o s e v e l t  b u l l s  
d u r in g  the  rut  (50% and 43% v s .  58%; B o w y e r  in  p r e s s ) .
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B e h a v i o r  D u r in g  the  Rut
A g g r e s s i v e  A c t s
B u l l s  did  not c o n t a c t  e a c h  o t h e r  d u r in g  the  n in e  e n c o u n t e r s  
b e t w e e n  6 + - p o in t  h a r e m  b u l l s  and o t h e r  6 - p o i n t  b u l l s ,  s u g g e s t i n g  that  
th e  b u l l  h i e r a r c h y  w a s  e s t a b l i s h e d  b e f o r e  r u t t in g  a c t i v i t i e s  b e g a n  in  
U p p e r  South  and L o w e r  South r a n g e s .
R o o s e v e l t  e lk  b u l l s  p e r f o r m e d  a " p o s t - s p a r  p r e s e n t "  a s  th e y  
t u r n e d  t h e i r  f o r e q u a r t e r s  a w a y  f r o m  t h e i r  o p p o n e n ts  a f t e r  a s p a r  
( B o w y e r  1 9 7 6 ) .  S o m e  R o c k y  M ounta in  b u l l s  p e r f o r m e d  a s i m i l a r  
d i s p l a y ,  a " p r e s e n t - t h r e a t ,  " a s  t h e y  w a l k e d  o r  t r o t t e d  b e s i d e  o n e  
a n o t h e r ,  in a " p a r a l l e l  m a r c h "  b e f o r e  a s p a r  (G e i s t  1966) .  B i s o n  
R a n g e  e l k  d id  not  p e r f o r m  s u c h  d i s p l a y s  b e f o r e  or  a f t e r  any  of the  57 
s p a r s  o b s e r v e d .  H o w e v e r ,  the  t h r e e  n e c k - s i d e  p r e s e n t a t i o n s  by  
r u t t in g  b u l l s  to w a r d  o t h e r  m a l e s  w e r e  s i m i l a r  to  t h e s e  d i s p l a y s  d e s ­
c r i b e d  f o r  o t h e r  e lk .  T h e  f r e q u e n c y  of  a g g r e s s i v e  a c t s  i n c r e a s e d  
d u r in g  the  p e a k  of th e  rut  f o r  tu le  e l k  (M c C u l lo u g h  196 6 ) ,  but no  s u c h  
t r e n d  w a s  e v id e n t  f o r  R a n g e  e lk .  T h e r e  a p p e a r e d  to  b e  a r e d u c e d  r a t e  
of  a g g r e s s i v e  b e h a v i o r  d u r in g  i n i t i a l  r u t t in g  a c t i v i t y  w h ic h  i n c r e a s e d  
to  th e  u s u a l  n o n - r u t  l e v e l  d u r in g  the  p e a k  of the  r u t .
H ab ita t  U s e
E l k  f r e q u e n t l y  u s e d  a r e a s  of  c o n i f e r o u s  t i m b e r  d u r in g  the  ru t ,  
a n d  o t h e r  e lk  in M o n ta n a  a l s o  p r e f e r r e d  r e g i o n s  of h e a v y  t i m b e r  at that
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t i m e  ( J a n s o n  1 9 74 ,  L o n n e r  1 9 7 4 ,  J o s l i n  1975 ,  S m ith  19 7 8 ) .  B y  c o m ­
p a r i n g  u s e  of  h a b i t a t s  b y  c o w ,  b u l l ,  and b u l l - c o w  g r o u p s ,  the  f e m a l e s  
of the  h a r e m s  p r o v e d  to  b e  r e s p o n s i b l e  f o r  t h i s  hab i ta t  u s e  c h a n g e  in  
o n e  a r e a  ( J o s l i n  1 9 7 5 ) .  R o o s e v e l t  e lk ,  h o w e v e r ,  p r e f e r r e d  the  open  
c o a s t a l  p r a i r i e  d u r in g  the  rut  r a t h e r  than s e m i - o p e n  and t h i c k  a l d e r  
( A ln u s  s p .  ) g r o v e s  o r  r e d w o o d  (S e q u o ia  s e m p e r v i r e n s ) f o r e s t s  ( B o w y e r  
in  p r e s s ) .
B u g l in g
M u r i e ' s  (1932)  d e s c r i p t i o n  of  b u g l in g  of R o c k y  M ounta in  e lk
b u l l s  w e l l  f i t t e d  the  t y p i c a l  b u g le  h e a r d  at the  B i s o n  R ange:
T h e  c a l l  b e g i n s  on a low  n o t e ,  s l i d e s  up w a rd  unti l  i t  r e a c h e s  
h ig h ,  c l e a r ,  b u g l e - l i k e  n o t e s ,  w h ic h  a r e  p r o l o n g e d ,  th en  d r o p s  
q u i c k l y  to  a f in a l  g r u n t ,  th e  c a l l  f r e q u e n t l y  b e in g  f o l l o w e d  b y  a 
s e r i e s  of g r u n t s .  T h e  c a l l  m a y  b e  r o u g h l y  r e p r e s e n t e d  thus:  
" A - a - a - a - a i - e - e e e e e e e e e - e o u g h ! e - u h !  e - u h !  e - u h !  e - u h ! "
M c C u l lo u g h  (19 6 6 )  and B o w y e r  (197 6 )  d e s c r i b e d  in  d e t a i l  th e  p o s s i b l e
f u n c t i o n s  of  b u g l in g .
M o u n t - w i t h - c o p u l a t i o n
M o u n t - w i t h - c o p u l a t i o n s  m a y  h a v e  t a k e n  p l a c e  m a i n l y  at daw n  
and d u s k ,  a s  in s o m e  a r e a s  (M u r ie  1 9 5 1 ) ,  w h ic h  w o u ld  p a r t i a l l y  a c c o u n t  
f o r  m y  s e e i n g  o n ly  one  c o p u l a t i o n .  It s e e m e d ,  h o w e v e r ,  that  b u l l s  
w e r e  r e a d y  to  c o p u la t e  w h e n e v e r  g i v e n  th e  o p p o r tu n i ty .  C o p u la t io n  w a s  
o b s e r v e d  d u r in g  the  day  in  o t h e r  s t u d i e s ,  and  no  m e n t i o n  w a s  m a d e  of  
d i u r n a l  c o p u l a t o r y  c y c l e s  ( M c C u l lo u g h  1 9 6 6 ,  S t r u h s a k e r  1 9 67 ,  B o w y e r
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1 9 7 6 ) .  T h e  y e a r l i n g  B r u t e  c o p u la t e d  w i t h  on 9 S e p t e m b e r  s t o o d  w i th  
h e r  b a c k  h u m p e d  a f t e r  b e i n g  b r e d ,  a s  did tu le  e lk  f e m a l e s  a f t e r  b e i n g  
b r e d  (M c C u l lo u g h  1 9 6 6 ) .
W a l l o w ,  A n t l e r - r u b ,  - s c r a p e ,  and - t h r a s h
A n t l e r - t h r a s h e s  and a n t l e r - s c r a p e s  w i th  u r in a t io n  m a y  
a d v e r t i s e  the  b u l l ' s  p h y s i c a l  c o n d i t io n  and s c e n t - m a r k  the  l o w e r  b a c k s  
o f  c o p u l a t e d  f e m a l e s  ( M c C u l lo u g h  19 6 6 ) .  W hen S ym 2 rub b ed  o n e  s i d e  
of h i s  h e a d  a g a i n s t  b r u s h  d u r in g  an a n t l e r - t h r a s h  on 2 9 O c t o b e r ,  he  
m a y  h a v e  d e p o s i t e d  p h e r o m o n e s  f r o m  h i s  p r e o r b i t a l  g la n d s  ( F r a s e r  
1 9 6 8 )  a s  a type  of  s i g n - p o s t  m a r k i n g  (G raf  1 9 5 6 ) .  W a l lo w in g  i s  done  
b y  b u l l s  at l e a s t  3 |  y e a r s  o ld  and,  o c c a s i o n a l l y ,  b y  2 ^ - y e a r - o l d  b u l l s  
( M u r ie  1 9 5 1 ) .  G e n e r a l l y ,  t h i s  w a s  t r u e  f o r  B i s o n  R a n g e  m a l e s ,  e x c e p t  
5 pt,  a 2 ^ - y e a r - o l d  b u l l ,  w a l l o w e d  s i x  t i m e s  and  Lcf, a l | - y e a r - o l d  
m a l e ,  w a l l o w e d  o n c e .  W a l lo w in g  m a y  s e r v e  to  s o o t h e  th e  " ru tt in g  
f e v e r ,  " c o o l  the b o d y ,  and a c t  a s  a r e l e a s e  f o r  e n e r g y  (M u r ie  1 9 5 1 ) .  
M o o s e  m a y  w a l l o w  in  u r i n a t e d  p i t s  in  o r d e r  to  t r a n s f e r  the  s c e n t  to  
t h e i r  b o d y  ( G e i s t  1 9 6 3 ) ,  and t h i s  m a y  a l s o  be t r u e  f o r  e lk .  T he  
d i s t i n c t i v e  a p p e a r a n c e  of a  m u d - c o v e r e d  b u l l  m a y  a id  one r u t t in g  b u l l  
in  l o c a t i n g  a n o t h e r  r u t t in g  b u l l  ( S t r u h s a k e r  1 96 7 ) .  B y  w a l l o w i n g  and  
s c r a p i n g  the  g r o u n d  w i t h  the  f o r e f e e t ,  b u l l s  m a y  b e  c l a i m i n g  o c c u p a n c y ,  
a l t h o u g h  o n l y  t e m p o r a r i l y ,  w h ic h  c o u ld  h a v e  an i n t i m id a t in g  e f f e c t  on  
c h a l l e n g e r s  (W a l th e r  1 9 7 1 ) .  T w o  b u l l s  s i m u l t a n e o u s l y  m a r k i n g  n e a r b y
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a r e a s  c o u l d  b e  c o m m u n i c a t i n g  a c h a l l e n g e  (W a lth e r  19 7 1 ) .  Such  
f u n c t i o n s  and c o m m u n i c a t i o n s  c o u ld  a l s o  b e  t r u e  f o r  a n t l e r - r u b s ,  
- s c r a p e s ,  and - t h r a s h e s .
M a n a g e m e n t  I m p l i c a t i o n s
H u m a n  d i s t u r b a n c e s  w e r e  in f r e q u e n t ,  o t h e r  than the  a l m o s t  
c o n t i n u a l  f l o w  of h u m a n  n o i s e  f r o m  U . S .  H ig h w a y  93 .  T h e  e lk  u s u a l l y  
w e r e  a b l e  to  l e a v e  a r e a s  o f  d i s t u r b a n c e  i f  t h e y  c h o s e ,  w h ic h  u n ­
d o u b t e d ly  l e s s e n e d  the  a l e r t  - a l a r m  b e h a v i o r  d i s p l a y e d .
T h e  e lk  of  th e  R a n g e  l i v e d  w i th  a m i n i m u m  of i n t e r s p e c i f i c
s t r i f e .
T h e  b o u n d a r y  f e n c e s ,  about  2 .6  m  h ig h ,  p r o h ib i t e d  m o s t ,  
th o u g h  not  a l l ,  e l k  f r o m  j u m p in g  o v e r .  F e n c e s  w ith  the  b o t t o m  w i r e  
l e s s  than about  40 c m  f r o m  the  g r o u n d  p r o h i b i t e d  e l k  m o v e m e n t ;  
b o t t o m  w i r e s  at l e a s t  48  c m  f r o m  th e  g r o u n d  p e r m i t t e d  m o s t  n o n -  
a n t l e r e d  e lk  to  c r a w l  u n d e r .  B u l l s  w e r e  h e s i t a n t  to ,  but c a p a b l e  of,  
j u m p i n g  o v e r  f e n c e s  1 .7  m  t a l l .  T h e  i n t e r i o r  f e n c e s  c a u s e d  m a n y  
u n n a t u r a l  and d i s t u r b i n g  c o n d i t i o n s  b y  p e r m i t t i n g  y o u n g ,  s m a l l  b u l l s  
to  c o n t r o l  h a r e m s ,  b y  s e p a r a t i n g  i n d iv i d u a l s  w h i c h  a t t e m p t e d  to  s t a y  
t o g e t h e r ,  and b y  a d d in g  to  t r o u b l e d  s i t u a t i o n s  b y  b l o c k i n g  f l ig h t  d u r in g  
a d i s t u r b a n c e .
T h e  t e n d e n c y  f o r  c o w s  to  s e e k  d e n s e  c o v e r  d u r in g ,  and f o r  up 
to  3 w e e k s  f o l l o w i n g ,  p a r t u r i t io n ,  s u g g e s t s  that  s u c h  h a b i t a t s  m u s t  b e
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a v a i l a b l e  d u r in g  that  c r i t i c a l  t i m e .
C a l f  5 w a s  o n ly  17 w e e k s  o ld  w h e n  h e r  m o t h e r  w a s  
s e p a r a t e d  f r o m  h e r  f o r  at l e a s t  3 |  m o n t h s .  T h e  c a l f  s t a y e d  w i th  
o t h e r  e lk ,  s e e m e d  to  r e m a i n  h e a l t h y ,  and a p p a r e n t l y  did not t h i e f -  
s u c k l e .  A  c a l f  17 o r  m o r e  w e e k s  o ld ,  w h o s e  c o w  i s  k i l l e d ,  d i e s ,  o r  
e x p e r i e n c e s  a l e s s e n e d  a b i l i t y  to g i v e  m i lk ,  m a y  r e m a i n  h e a l t h y .
T h e  a m o u n t  of t i m e  s p e n t  f e e d i n g  c o u ld  i n d ic a t e  the  food  
q u a l i t y  a n d / o r  q u a n t i t y  in  an  a r e a ,  a s s u m i n g  e lk  f e e d  no  m o r e  than  
i s  n e c e s s a r y .
C o n c e r n  h a s  b e e n  e x p r e s s e d  f o r  the  " s u p p r e s s i o n "  of ru t t in g  
a c t i v i t y  and m a t i n g  due to  the hu nt ing  of b u l l s  d u r in g  the  ru t  (A l tm a n n  
1 9 5 6 a ) .  T h e  a r g u m e n t  h a s  b e e n  p r o p o s e d  that r e m o v a l  of the "trophy"  
m a l e s  f r o m  an u n g u la te  p o p u la t io n  c o u ld  l e a d  to  n e g a t i v e  c h a n g e s  in  
s o c i a l  s t r u c t u r e ,  r e d u c e d  p r o d u c t i v i t y ,  and d e g r e d a t i o n  of g e n e t i c  
q u a l i t y .  F o r  s u c h  r e a s o n s ,  the  b u l l - o n l y  b u g l in g  s e a s o n  f o r  e l k  w a s  
e n d e d  in  M ontana  in  1 9 7 5 .  M y o b s e r v a t i o n s  o f  r u t t in g  b e h a v i o r  at the  
R a n g e  i n d i c a t e  tha t  i f  a l l  6 - p o i n t  o r  b e t t e r  b u l l s  w e r e  r e m o v e d  b e f o r e  
th e  r u t ,  th e  5 -p o in t  o r  l e s s  b u l l s  and m a n y  of  the  s p i k e s  w o u ld  ta k e  
o v e r  a s  h a r e m  b u l l s .  T h e s e  m a l e s  w e r e  l e s s  a b le  to  c o n t r o l  h a r e m s ,  
and ,  a s s u m i n g  t h e y  had  s m a l l e r  fat  r e s e r v e s ,  p r o b a b l y  w o u ld  b e  l e s s  
a b l e  th an  l a r g e  b u l l s  to  m a i n t a i n  h ig h  d e g r e e s  of  e n e r g y  output.  T h e s e  
i n a b i l i t i e s  c o u ld  p e r m i t  l e s s  " o r g a n i z e d "  l e a d e r s h i p  o f  h a r e m s  and  
e n c o u r a g e  m o r e  a g g r e s s i v e  b e h a v i o r  b e t w e e n  m a l e s  and b e t w e e n  h a r e m
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m a l e s  and h a r e m  m e m b e r s .  T h e  o b v i o u s  r e a d i n e s s  of 5 - p o in t  b u l l s  
t o  m a t e ,  c o u p l e d  w i t h  th e  r e c u r r e n t  e s t r u s  of  the  c o w s  ( M o r r i s o n  et  
a l .  1 9 5 9 ) ,  w o u ld  p r o b a b l y  i n s u r e  s i m i l a r  p r o d u c t i v i t y .  S h o ot in g  b u l l s  
d u r in g  th e  r u t  w o u ld  add h u m a n  d i s t u r b a n c e  to  the  a p p a r e n t l y  s t r e s s i n g  
s i t u a t i o n ,  c a u s i n g  f l ig h t  b e h a v i o r  and c h a n g e s  in h a r e m  o w n e r s h i p .
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CHAPTER VI
SUMMARY
A herd of Rocky Mountain elk (Cervus elaphus ne lson l ), 
m aximum of 20 individuals, was studied intensively  from 1 April to 
11 November 1977 on The National Bison Range, Moiese, Montana. 
Eleven elk were  individually Identified. In addition, 14-22 bulls which  
a ssoc ia ted  with them w ere  observed during the rut. The objectives  
w e r e  to describe  and quantify the soc ia l  behavior of these elk, describe  
behavioral  displays and d iscuss  their possib le  functions, and compare  
this group's behavior to that of elk in other studies .
The Range was divided into eight bison ranges.  In addition to 
the cows,  ca lves ,  and yearl ings  who remained in Upper South and 
Lower South ranges (Group 1), five elk in the public display pasture  
(Group 2) and about 66 elk of other parts of the Range (Group 3) a lso  
l ived on the Bison Range. F e m a le s  and ca lves  of Group 3 were  never  
observed  with Group 1.
Descriptions of 52 behavioral acts  al lowed more efficient  
analys is  of behavior, facil itated comparisons with elk of other areas ,  
and w i l l  permit other w orkers  to compare their observations with the 
Bison Range data.
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E l k  v o c a l i z e d  a v a r i e t y  of s o u n d s .  D i s t u r b a n c e s  and a t t e m p t s  
to  j o i n  o t h e r  e lk  a p p a r e n t l y  e l i c i t e d  v o c a l i z a t i o n s .  In d iv id u a ls  v a r i e d  
in  t h e i r  a b i l i t i e s  to  c r a w l  u n d e r  i n t e r i o r  f e n c e s  at f i v e  p a s s a g e w a y s  
4 8 - 9 4  c m  h i g h .  T h e  f e n c e s  c a u s e d  m a n y  u n n a tu r a l  and d i s t u r b i n g  
s i t u a t i o n s  b y  b l o c k i n g  f l ig h t  p a th s  d u r in g  d i s t u r b a n c e s ,  s e p a r a t i n g  
i n d i v i d u a l s  w h ic h  a t t e m p t e d  t o  s t a y  t o g e t h e r ,  and  p e r m i t t i n g  yo u n g ,  
s m a l l  b u l l s  to  c o n t r o l  h a r e m s .
A 1 6 - 1 8  y e a r  o ld  co w  s u f f e r e d  f r o m  m a n y  p h y s i c a l  p r o b l e m s ,  
and b e h a v e d  d i f f e r e n t l y  f r o m  o t h e r  e lk .  H er  a p p a r e n t l y  h e a l t h y  c a l f  
d ie d  of s t a r v a t i o n  w h e n  8 d a y s  o ld .
E l k  w e r e  m o r e  o f t e n  foun d  in  o r  w i t h in  2 00  m  of c o n i f e r o u s  
t i m b e r  f r o m  2 7 M a y  to  21 J u n e ,  th e  d a t e s  of  c a l v i n g ,  than d u r in g  a n y  
o t h e r  t i m e .  C a l v e s  l e s s  than 2 w e e k s  o ld  f r e q u e n t l y  h id  d u r in g  the  
d a y ,  but a l s o  m o v e d  a s  m u c h  a s  0 ,5  k m  p e r  2 4 - h o u r s  w i th  t h e i r  d a m s .  
C o w s  w e r e  r e l u c t a n t  to  l e a v e  an a r e a  w h e n  t h e i r  y o u n g ,  h id in g  c a l v e s  
w e r e  n e a r b y .  T h e  s o c i a l  i n t e g r a t i o n  of c a l v e s  b e g a n  w i th in  t h e i r  f i r s t  
w e e k  of  l i f e .  C a l v e s  i n i t i a t e d  m o s t  n u r s i n g  i n t e r a c t i o n s .  C o w s  t e r ­
m i n a t e d  m o s t  s u c k l i n g s  o f  c a l v e s  o v e r  1 w e e k  o ld .  T h e  f r e q u e n c y  of  
s u c k l e s  and s u c k l e  a t t e m p t s  and the  d u r a t io n  o f  s u c k l e s  d e c r e a s e d  a s  
c a l v e s  a g e d .  C a l v e s  w e r e  o b s e r v e d  t h i e f - s u c k l i n g  f o u r  t i m e s  and  
a t t e m p t i n g  to  t h i e f - s u c k l e  17 t i m e s .  T h e  f r e q u e n c y  of t h i e f - s u c k l e  
b e h a v i o r  d e c r e a s e d  a s  c a l v e s  a g e d .  C a l v e s  a p p e a r e d  to  be  m o t i v a t e d  
to  s u c k l e  f r o m  t h e i r  m o t h e r s  w h e n  a n e a r b y  c a l f  w a s  s u c k l i n g  a s  w e l l
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a s  d u r i n g  d i s t u r b a n c e s .  A 1 7 - w e e k - o l d  c a l f ,  p e r m a n e n t l y  s e p a r a t e d  
f r o m  h e r  m o t h e r ,  a p p a r e n t l y  r e m a i n e d  h e a l t h y .
M o s t  s o c i a l - g r o o m s  and a l l  m u t u a l - g r o o m s  w e r e  p e r f o r m e d  
b y  c o w s  and t h e i r  c a l v e s .
M o u n ts ,  t h r o a t - p l a c e s ,  and c h e s t  - b u m p s  w e r e  p e r f o r m e d  in  
s e v e r a l  c o n t e x t s  and in  a s s o c i a t i o n  w i t h  a v a r i e t y  of o th e r  d i s p l a y s .
A g g r e s s i v e  a c t s  w e r e  i m p o r t a n t  in  m a i n t a i n i n g  in d iv id u a l  
d i s t a n c e s ,  e s t a b l i s h i n g  h i e r a r c h i c a l  r e l a t i o n s h i p s ,  and e n a b l in g  b u l l s  
to  h o ld  h a r e m s .  G roup  1 e lk  p e r f o r m e d  h e a d - h i g h s ,  k i c k s ,  b i t e s ,  
a n t l e r - d i s p l a y s ,  h e a d - p u s h e s ,  and s p a r s  364  o b s e r v e d  t i m e s .
E x a m i n a t i o n s  of i n s t a n t a n e o u s  s a m p l e  data  s h o w e d  a d iu r n a l  
p a t t e r n  of  e l k  a c t i v i t y  and s i g n i f i c a n t  d i f f e r e n c e s  in  a m o u n t  of t i m e  
in d i v i d u a l s  and s e x - a g e  c l a s s e s  s p e n t  in c e r t a i n  a c t i v i t i e s .
M a l e s  f r o m  G rou p  3 w e r e  o b s e r v e d  w i t h  G roup 1 e lk  on o n ly  
t h r e e  o c c a s i o n s  f r o m  1 A p r i l  to  30 A u g u s t .  B u l l s  w e r e  a l w a y s  p r e s e n t  
in  th e  s t u d y  a r e a  b e t w e e n  31 A u g u s t  and 11 N o v e m b e r .  T e n  to  12 b u l l s  
p o s s e s s e d  h a r e m s  at s o m e  t i m e  d u r in g  the  ru t ,  and f o u r  to  10 o t h e r  
b u l l s  w e r e  a l s o  o b s e r v e d  in  the  s t u d y  a r e a  d u r in g  the  rut .  H a r e m  b u l l s  
did  not  c o n t a c t  e a c h  o t h e r  d u r in g  th e  n in e  e n c o u n t e r s  b e t w e e n  6 - p l u s -  
p o in t  h a r e m  b u l l s  and o t h e r  6 -p o in t  b u l l s ,  s u g g e s t i n g  that the  b u l l  
h i e r a r c h y  w a s  e s t a b l i s h e d  b e f o r e  r u t t in g  a c t i v i t i e s  b e g a n  in U p p e r  
South  and  L o w e r  South r a n g e s .  A n t l e r - d i s p l a y s ,  b u g l e s ,  o r  m e r e  
p r e s e n c e  of b u l l s  w e r e  s u f f i c i e n t  to  c a u s e  b u l l s  to  f o r f e i t  t h e i r  h a r e m s
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to  o t h e r  b u l l s .  R u t t in g  b u l l s  and G rou p  1 s p i k e s  d i f f e r e d  s i g n i f i c a n t l y  
in  t h e i r  u s e  of a g g r e s s i v e  d i s p l a y s .  T h e  a c t i v i t y  of a h a r e m  b u l l  
d u r i n g  the  p e a k  o f  r u t t in g  b e h a v i o r  d i f f e r e d  s i g n i f i c a n t l y  f r o m  the  
a c t i v i t y  of  a n o t h e r  b u l l  l a t e r  in the  s e a s o n  and f r o m  the  a c t i v i t y  of 
G r o u p  1 e lk .  B u l l s  p e r f o r m e d  m o r e  than  1 ,8 0 0  o b s e r v e d  r e p e t i t i o n s  
of  r u t t i n g  b e h a v i o r s  s u c h  a s  b u g l in g ,  s p a r s ,  n o s e s  o r  l i c k s  to  f e m a l e s ,  
m o u n t s ,  a n t l e r - t h r a s h e s ,  and w a l l o w s .  One c o p u la t io n  w a s  o b s e r v e d .
S o m e  of th e  b e h a v i o r s  d i s p l a y e d  by  B i s o n  R a n g e  e lk  w e r e  not  
d e s c r i b e d  in  o t h e r  e l k  s t u d i e s ;  o t h e r  b e h a v i o r s  s h o w e d  s i m i l a r i t i e s  
w i t h  o r  d i f f e r e n c e s  f r o m  b e h a v i o r s  d i s p l a y e d  b y  o t h e r  e lk .  P o s s i b l e  
f u n c t i o n s  of s o m e  b e h a v i o r s  i n c lu d e d  yo u n g  c a l v e s  v o c a l i z i n g  d u r in g  
a d i s t u r b a n c e  to  b r i n g  t h e i r  c o w s  to  the  s c e n e ,  and  s u c k l e  f r e q u e n c y  
and  d u r a t io n  l e s s e n i n g  to  g r a d u a l l y  w e a n  the  c a l v e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
R E F E R E N C E S  C I T E D
A l t m a n n ,  J .  1 9 7 4 .  O b s e r v a t i o n a l  s t u d y  o f  b e h a v i o r :  s a m p l i n g  
m e t h o d s .  B e h a v i o u r  4 9 ( 3 - 4 ) : 2 2 7 - 2 6 7 .
A l t m a n n ,  M. 1 9 5 2 .  S o c i a l  b e h a v i o r  of e l k  (C e r v u s  c a n a d e n s i s
n e l s o n i ) in th e  J a c k s o n  H o le  a r e a  of W y o m in g .  B e h a v i o u r  4(2):  
1 1 6 - 1 4 3 .
__________ . 1 9 5 6 a .  P a t t e r n s  of  h e r d  b e h a v i o r  in f r e e - r a n g i n g  e lk  of
W y o m i n g  (C e r v u s  c a n a d e n s i s  n e l s o n i ). Z o o l o g i c a  41 ( 2 ) : 6 5 - 7 1 .
__________ . 19 5 6 b .  P a t t e r n s  of  s o c i a l  b e h a v i o r  in b i g  g a m e .  T r a n s .
N .  A m .  W i ld l .  C o n f .  2 1 : 5 3 8 - 5 4 5 .
__________ . 1 9 6 3 .  M a t e r n a l  b e h a v i o r  in  e lk  and m o o s e .  ^  M a t e r n a l
b e h a v i o r  in m a m m a l s .  R e h e i n g o l d ,  ed ,  John W i l e y  & S o n s ,  N . Y .  
2 3 3 - 2 5 3 p p .
A u t e n r i e t h ,  R.  E .  , and E .  F i c h t e r .  1 9 7 5 .  On the  b e h a v i o r  and
s o c i a l i z a t i o n  o f  p r o n g h o r n  f a w n s .  W i ld l .  M ono .  42 .  111pp.
B a l l a r d ,  W. B . , and K. P .  T a y l o r .  19 7 8 .  F a c t o r s  i n f lu e n c in g
n e o n a t a l  m o o s e  c a l f  s u r v i v a l  in  the  S u s i t n a  and N e l c h i n a  R i v e r  
b a s i n s  of  s o u t h c e n t r a l  A l a s k a :  a p r o g r e s s  r e p o r t .  T r a n s .  NW .
S e c t .  W i ld l .  S o c .  M tg .  V a n c o u v e r ,  B . C . ,  p . 11.
B o w y e r ,  R . T .  1 9 7 6 .  S o c i a l  b e h a v i o r  of R o o s e v e l t  e lk  d u r in g  r u t .
M. S. T h e s i s ,  H u m b o ld t  S ta te  U n i v . ,  A r e a t a ,  C a l i f .  122pp .
__________ . In p r e s s .  A c t i v i t y ,  m o v e m e n t  and d i s t r i b u t i o n  p a t t e r n s
of  R o o s e v e l t  e lk  d u r in g  r u t .  J .  W i ld l .  M a n a g e .
B u b e n i k ,  A .  B .  1 9 6 5 ,  B e i t r a g  z u r  B e b u r t s k u n d e  und den M u t t e r -  
K i n d - B e z i e h u n g e n  d e s  R e h - u n d  R o t w i l d e s .  Z e i t .  S a u g e t i e r k .  
3 0 : 6 5 - 2 2 8 .
C o f f in ,  A .  L .  , and J .  D. R e m i n g t o n .  1 9 5 3 .  P r e g n a n t  y e a r l i n g  c o w  
e lk .  J .  W i ld l .  M a n a g e .  1 7 (2 ) :2 2 3 .
128
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 2 9
C o w a n ,  I, M c T .  1 9 4 7 .  R a n g e  c o m p e t i t i o n  b e t w e e n  m u l e  d e e r ,
b i g h o r n  s h e e p  and e lk  in J a s p e r  P a r k ,  A l b e r t a .  T r a n s .  N .  A m .  
W i ld l .  C on f .  1 2 : 2 2 3 - 2 2 7 .
C r a i g h e a d ,  J .  J . ,  M. G. H o r n o c k e r ,  M. W. S h o e s m i t h ,  and R. I. E l l i s .  
1 9 6 9 .  A  m a r k i n g  t e c h n iq u e  f o r  e lk .  J ,  W i ld l .  M a n a g e .  33(4):  
9 0 6 - 9 0 9 .
, G. A t w e l l ,  and B .  W. O 'G a r a .  19 7 2 .  E lk  m i g r a t i o n s  in
and  n e a r  Y e l l o w s t o n e  N a t i o n a l  P a r k .  W i ld l .  M ono .  2 9. 48pp  
 , P .  C. C r a i g h e a d ,  J r . ,  R .  L .  R u ff ,  and B . W. O 'G ara .
1 9 7 3 .  H o m e  r a n g e s  and a c t i v i t y  p a t t e r n s  of n o n m i g r a t o r  y  e lk  of  
the  M a d i s o n  D r a i n a g e  h e r d  a s  d e t e r m i n e d  by  r a d i o t e l e m e t r y .
W i ld l .  M ono .  33 .  50pp.
D a r l i n g ,  F .  F .  1 9 3 7 .  A h e r d  of r e d  d e e r :  a s t u d y  in a n i m a l
b e h a v i o r .  O x f o r d  U n iv .  P r e s s .  O x fo rd ,  E n g la n d .  215 p p .
de V o s ,  A . ,  P .  B r o k x ,  and  V. G e i s t .  1 9 67 .  A r e v i e w  of s o c i a l  
b e h a v i o r  of the  N o r t h  A m e r i c a n  c e r v i d s  d u r in g  the r e p r o d u c t i v e  
p e r i o d .  A m .  M id la n d  N a t .  7 7 ( 2 ) : 3 9 0 - 4 1 7 .
F l o o k ,  D. R .  1 9 7 0 .  C a u s e s  and i m p l i c a t i o n s  o f  an o b s e r v e d  s e x  
d i f f e r e n t i a l  in the  s u r v i v a l  of w a p i t i .  C an .  W i ld l .  S e r v .  Rpt.
S e r .  N o .  11. O t ta w a .  71pp.
F r a n k l i n ,  W . L. , A .  S. M o s s m a n ,  and  M. D o l e .  1 9 75 .  S o c i a l
o r g a n i z a t i o n  and h o m e  r a n g e  of R o o s e v e l t  e lk .  J . M a m m a l .  56(1):  
1 0 2 - 1 1 8 .
F r a s e r ,  A .  F .  1 9 6 8 .  R e p r o d u c t i v e  b e h a v i o r  in u n g u l a t e s .  A c a d e m i c  
P r e s s ,  N .  Y. 2 0 2 p p .
G e i s t ,  V .  1 9 6 3 .  O n the  b e h a v i o r  o f  th e  N o r t h  A m e r i c a n  m o o s e
(A l c e s  a l c e s  a n d c r s o n i  P e t e r s o n ,  1950)  in  B r i t i s h  C o l u m b i a .  
B e h a v i o u r  2 0 : 3 7 8 - 4 1 6 .
________ . 1 9 6 6 .  S o m e  e t h o l o g i c a l  o b s e r v a t i o n s  on N o r t h  A m e r i c a n
c e r v i d s .  Z o o l .  B e i t r a g e  1 2 : 2 1 9 - 2 5 1 .
G r a f ,  W . 1 9 5 6 .  T e r r i t o r i a l i s m  in d e e r .  J .  M a m m a l .  37(2):  165 -
1 7 0 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 3 0
G r e e r ,  K. R . ,  and L,. E .  Y e a g e r .  19 6 7 .  S e x  and a g e  i n d i c a t i o n s
fron a  u p p e r  c a n i n e  t e e t h  in e lk  (w a p it i ) .  J .  W i ld l .  M a n a g e .  31(3):  
4 0 8 - 4 1 7 .
G u t h r i e ,  R .  D.  1 96 6 .  T h e  e x t in c t  w a p i t i  of A l a s k a  and Yukon
T e r r i t o r y .  C an .  J .  Z o o l .  4 4 ( l ) : 4 7 - 5 7 .
H a r p e r ,  J .  A . ,  J .  H. H arn ,  W. W. B e n t l e y ,  and C .  F .  Y o c o m .  1967 .  
T h e  s t a t u s  and e c o l o g y  of  the  R o o s e v e l t  e lk  in C a l i f o r n i a .  W i ld l .  
M o n o .  16 .  49pp .
J a n s o n ,  R .  G. 1 9 7 4 .  B u r d e t t e  C r e e k - D e e r  C r e e k  e lk  h a r v e s t ,  
d i s t r i b u t i o n  and fo o d  h a b i t s .  M ont .  C o o p .  E l k - l o g g i n g  Study  
F r o g .  R pt .  2 9 - 3 9 .
J o h n s o n ,  D .  E .  1 9 5 1 .  B i o l o g y  of th e  e lk  c a l f ,  C e r v u s  c a n a d e n s i s
n e l s o n i . J .  W i ld l .  M a n a g e .  1 5 ( 4 ) : 3 9 6 - 4 1 0 .
J o s l i n ,  G. L.  1 9 7 5 .  B e h a v i o r  and e n v i r o n m e n t a l  s e l e c t i o n  b y  e lk  
(C e r v u s  c a n a d e n s i s  n e l s o n i ) d u r in g  s u m m e r  and f a l l  in the  f i r s t  
and s e c o n d  y e l l o w  m u l e  d r a i n a g e s ,  M a d is o n  C o .  , M ontana .
M, S. T h e s i s .  M ont.  S ta te  U n i v . ,  B o z e m a n .  65pp .
K i r s c h ,  J .  B .  , and K. R .  G r e e r .  1 9 6 8 .  B ib l io g r a p h y :  w a p i t i - -  
A m e r i c a n  e l k  and E u r o p e a n  r e d  d e e r .  M ont.  F i s h  G a m e  D e p t .  
S p e c .  Rpt ,  N o ,  2 .  147pp .
K i t c h e n ,  D.  W. 1 9 7 4 .  S o c i a l  b e h a v i o r  and e c o l o g y  of  the p r o n g h o r n .
W i ld l .  M ono .  38.  96pp .
K n ig h t ,  R .  R .  1 9 7 0 .  T h e  Sun R i v e r  e l k  h e r d .  W i ld l .  M ono.  2 3 .
6 6pp.
L e n t ,  P .  C .  1 971 .  M o t h e r - i n f a n t  r e l a t i o n s h i p s  in  u n g u l a t e s ,  pp. 14
5 5 .  In T h e  B e h a v i o r  of U n g u l a t e s  and Its R e l a t i o n  to M a n a g e m e n t .  
V . G e i s t  and F .  W a l t h e r ,  e d s .  V o l s .  I & II. lU C N  P u b l .  N o .  
2 4 .  M o r g u e s ,  S w i t z e r l a n d .  940pp.
L i e b ,  J .  W . 19 7 3 .  S o c i a l  b e h a v i o r  in  R o o s e v e l t  e l k  cow  g r o u p s .
M. S.  T h e s i s ,  H u m b o ld t  S ta te  U n i v . ,  A r e a t a .  79pp.
L o n n e r ,  T .  N .  1 9 7 4 .  L o n g  T o m  C r e e k  s t u d y .  M ont.  Coop. E l k -
l o g g i n g  P r o g .  Rpt .  5 1 - 8 3 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 3 1
L o t t ,  D .  F .  1 97 4 .  S e x u a l  and a g g r e s s i v e  b e h a v i o r  of A m e r i c a n
b i s o n .  B i s o n  b i s o n , pp. 3 8 2 - 3 9 4 .  to T h e  B e h a v i o r  of  U n g u l a t e s  
and Its R e l a t i o n  to  M a n a g e m e n t .  V.  G e i s t  and F .  W a l t h e r ,  e d s .  
V o l s .  I & II. lU C N  P u b l .  N o .  2 4 .  M o r g u e s ,  S w i t z e r l a n d .
9 4 0 p p .
L o v a a s ,  A .  L . , J .  L .  E g a n ,  and R .  R .  K night .  1966 .  A e r i a l  
c o u n t in g  of tw o  M ontana  e lk  h e r d s .  J .  W i ld l .  M a n a g e .  30(2):  
3 6 4 - 3 6 9 .
M a c k i e ,  R .  J .  1 9 7 0 .  R a n g e  e c o l o g y  and r e l a t i o n s  of  m u l e  d e e r ,  e lk ,  
and  c a t t l e  in  th e  M i s s o u r i  R i v e r  B r e a k s ,  M ontana .  W i ld l .  M ono .  
2 0 .  79pp.
M a r c u m ,  C .  L. 1 9 7 5 .  S u m m e r - f a l l  h ab i ta t  s e l e c t i o n  and u s e  b y  a  
w e s t e r n  M on ta n a  e l k  h e r d .  P h . D .  D i s s e r t a t i o n .  U n iv .  M o n t . ,  
M i s s o u l a .  188pp .
M c C u l lo u g h ,  D.  R .  1 9 6 6 .  T h e  tu le  elk: i t s  h i s t o r y ,  b e h a v i o r ,  and  
e c o l o g y .  P h . D .  D i s s e r t a t i o n .  U n iv .  C a l i f .  , B e r k e l e y .  396 p p .
M o r r i s ,  M . S . ,  and J.  E .  S c h w a r t z .  1 9 5 7 .  M ule  d e e r  and e lk  food  
h a b i t s  on th e  N a t i o n a l  B i s o n  R a n g e .  J .  W i ld l .  M a n a g e .  2 1(2): 1 8 9 -  
1 9 3 .
M o r r i s o n ,  J .  A . ,  C .  E .  T r a i n e r ,  and P .  L.  W r ig h t .  1 9 5 9 .  B r e e d i n g  
s e a s o n  in  e lk  a s  d e t e r m i n e d  f r o m  k n o w n - a g e  e m b r y o s .  J .  W i ld l .  
M a n a g e .  2 3 ( l ) : 2 7 - 3 4 .
M u r i e ,  O. J .  1 9 32 .  E l k  c a l l s .  J. M a m m a l .  1 3 ( 4 ) : 3 3 1 - 3 3 6 .
__________ . 1 9 5 1 .  T h e  e l k  of  N o r t h  A m e r i c a .  T h e  S t a c k p o le  C o .  ,
H a r r i s b u r g ,  P A  and T h e  W i ld l .  M a n a g e .  I n s t . ,  W a s h in g t o n ,  D . C .  
3 76 p p .
O r r ,  R .  T .  1 93 7 .  N o t e s  on th e  l i f e  h i s t o r y  of  the  R o o s e v e l t  e lk  in 
C a l i f o r n i a .  J .  M a m m a l .  18(1 ):62 - 6 8 .
P i c t o n ,  H. D .  1 9 6 0 .  M ig r a t io n  p a t t e r n s  of  th e  Sun R i v e r  e lk  h e r d ,
M o n ta n a .  J .  W i ld l .  M a n a g e .  2 4 ( 3 ) : 2 7 9 - 2 9 0 .
Q u i m b y ,  D .  C .  , and J. E .  G aab .  1 95 7 .  M a n d ib u la r  d e n t i t io n  a s  an
a g e  i n d i c a t o r  in  R o c k y  M o u n ta in  e lk .  J .  W i ld l .  M a n a g e .  21(4):  
4 3 5 - 4 5 1 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
132
R o b i n s o n ,  R .  M . , J .  W . T h o m a s ,  and R. G. M a r b u r g e r .  1 9 6 5 .  T h e  
r e p r o d u c t i v e  c y c l e  of  m a l e  w h i t e - t a i l e d  d e e r  in c e n t r a l  T e x a s .
J .  W i ld l .  M a n a g e .  2 9 ( l ) : 5 3 - 5 9 .
S e t o n ,  E .  T .  1 9 2 9 .  L i v e s  of  g a m e  a n i m a l s .  V o l .  3, p a r t  1.
D o u b le  day ,  N . Y .  4 1 2 p p .
S k i n n e r ,  M. P .  192 5 .  M ig r a t io n  r o u t e s  of e lk  in Y e l l o w s t o n e  
N a t i o n a l  P a r k .  J. M a m m a l .  6 ( 3 ) : 1 8 4 - 1 9 2 .
S m i t h ,  C .  S. 1 9 7 8 ,  S u m m e r  h a b i ta t  s e l e c t i o n  and m o v e m e n t s  b y
e lk  in t h e  M id d le  F o r k  of  th e  F l a t h e a d  R i v e r .  F i n a l  Job Rpt.  
W - 1 2 0 - R - 8 & 9 .  M ont .  F i s h  G a m e  D e p t . ,  H e le n a ,  89pp.
S te h n ,  T .  V .  1 9 7 3 .  D a i l y  m o v e m e n t s  and a c t i v i t i e s  of cow e lk  in
th e  S a p p h i r e  M o u n ta in s  of  w e s t e r n  M ontana  d u r in g  s u m m e r  and  
f a l l .  M. S. T h e s i s .  U n iv .  M o n t . , M i s s o u l a .  66pp.
S t r u h s a k e r ,  T .  T .  1 9 6 7 .  B e h a v i o r  of e lk  (C e r v u s  c a n a d e n s i s ) 
d u r in g  the  rut .  Z .  T i e r p s y c h o l .  2 4 : 8 0 - 1 1 4 .
S w a n s o n ,  C .  V .  1 9 5 1 .  A  t e c h n i q u e  f o r  a g e  d e t e r m i n a t i o n  of  e lk  
(C e r v u s  c a n a d e n s i s ). T h e  M u r r e l e t  3 2 : 1 9 - 2 2 .
T e s t e r ,  J .  R . , and D. B .  S in i f f .  1 9 65 .  A s p e c t s  of a n i m a l  m o v e m e n t  
and h o m e  r a n g e  data  o b ta in e d  b y  t e l e m e t r y .  T r a n s .  N .  A m .  
W i ld l .  N at .  R e s .  C o n f .  3 0 : 3 7 9 - 3 9 2 .
T u r n e r ,  C .  D.  1 9 5 9 .  G e n e r a l  e n d o c r i n o l o g y .  W. S a u n d e r s  C o . ,  
P h i l a d e l p h i a ,  P e n n .
V a r n e y ,  J . R .  1 9 7 1 .  A t r a c k i n g  and t e l e m e t r y  s y s t e m  f o r  w i l d l i f e  
research. IEEE N a t .  T e l e m e t r y  C on f .  R e c .  71 C 1 0 - N T C : 2 4 7 -  
2 5 2 .
V e r m e ,  L .  J .  1 9 6 8 .  An in d e x  o f  w i n t e r  w e a t h e r  s e v e r i t y  f o r  
n o r t h e r n  d e e r .  J .  W i ld l .  M a n a g e .  3 2 ( 3 ) : 5 6 6 - 5 7 4 .
W a l t h e r ,  F .  R. 1 97 1 .  S o m e  r e f l e c t i o n s  on  e x p r e s s i v e  b e h a v i o u r  in  
c o m b a t s  and c o u r t s h i p  of c e r t a i n  h o r n e d  u n g u l a t e s ,  pp. 5 6 - 1 0 6 .
In T h e  B e h a v i o r  of  U n g u l a t e s  and Its R e l a t i o n  to M a n a g e m e n t .  V.  
G e i s t  and F .  W a l t h e r ,  e d s .  V o l s .  I & II. lU C N  P u b l .  N o .  2 4 .  
M o r g u e s ,  S w i t z e r l a n d .  940pp .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
133
W i s l o c k i ,  G . B .  1 9 43 .  S t u d ie s  on g r o w th  of d e e r  a n t l e r s .  II.
S e a s o n a l  c h a n g e s  in the  m a l e  r e p r o d u c t i v e  t r a c t  of the  V i r g i n i a  
d e e r  (O d o c o i l e u s  v i r g i n i a n u s  b o r e a l i s ) w i th  a d i s c u s s i o n  of the  
f a c t o r s  c o n t r o l l i n g  the  a n t l e r - g o n a d  p e r i o d i c i t y .  pp. 6 2 9 - 6 5 3 .  
^  E s s a y s  in  b i o l o g y  in h o n o r  of  11. M. E v a n s .  U n iv .  C a l i f .  
P r e s s ,  B e r k e l e y  and L o s  A n g l e s ,  C a l i f .  687pp .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A P P E N D I X  I
R E S U L T S  A N D  DISCUSSION O F  O B S E R V A T IO N S  
O F  G R O U P  3 E L K
T h e  P o p u la t io n
A p p r o x i m a t e l y  31 c o w s  and f e m a l e  y e a r l i n g s ,  10 c a l v e s ,  s i x  
s p i k e s ,  6 2 ^ - y e a r - o l d  b u l l s ,  and  13 o l d e r  b u l l s  c o m p r i s e d  t h e  G roup  
3 e l k  h e r d  ( p e r s .  o b s .  and H a d e r l i e  p e r s .  c o m m .  ).
G rou p  B e h a v i o r  
N o n e  of the  e s t i m a t e d  4 7 f e m a l e ,  c a l f ,  and s p ik e  e lk  of G roup  
3 w e r e  o b s e r v e d  in  U p p e r  South and L o w e r  South r a n g e s .  G roup 3 
m a l e s  w e r e  o b s e r v e d  w i t h  G ro u p  1 e l k  on o n ly  t h r e e  o c c a s i o n s  b e f o r e  
t h e  r u t .  A  5 -p o in t  b u l l  and a (2 ,1 )  b u l l  w e r e  w ith  G roup 1 e lk  on 1 5 - 1 6  
A p r i l  and 16 and 20 A p r i l ,  r e s p e c t i v e l y .  A 4 -p o in t  b u l l  j o i n e d  13 e lk  
o f  G ro u p  1 f o r  about  2 h o u r s  on 24 A p r i l .  He l e f t  t h e m  a f t e r  the  c o w s  
d i r e c t e d  m a n y  a g g r e s s i v e  a c t s  at h i m  ( s e e  H i e r a r c h i c a l  R e l a t i o n s h i p s ) .
A l e r t - a l a r m  B e h a v i o r  
G roup 3 e l k  w e r e  m o r e  e a s i l y  a l e r t e d  b y  h u m a n s  than G roup 1 
e l k  w e r e .  B y  the  t i m e  t o u r i s t s  w e r e  p e r m i t t e d  on th e  tour  r o a d  e a c h  
m o r n i n g ,  m o s t  o r  a l l  e lk  had  m o v e d  a w a y  f r o m  the  r o a d ,  a l th o u g h  t h e y
134
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o f t e n  w a t e r e d  at P a u l i n e  and E lk  c r e e k s  d u r in g  the  n igh t  o r  e a r l y  
m o r n i n g .  W hen  w e  d i s t u r b e d  43 e l k  at 06 3 0  on 28 A u g u s t  in  l o w e r  
P a u l i n e  C r e e k ,  t h e y  r a n  w e s t  and so u th  f o r  about 2 k m  b e f o r e  s t o p p in g .  
A t 0 6 2 5  th e  f o l l o w i n g  m o r n i n g ,  38 e lk  d i s t u r b e d  b y  m y  v e h i c l e  at 
2 50  m ,  l e f t  th e  a r e a ,  and r a n ,  t r o t t e d ,  th en  w a l k e d  2 km  to  the  s a m e  
a r e a  a s  on th e  p r e c e d i n g  day .  O t h e r  o b s e r v a t i o n s  of  s m a l l e r  g r o u p s  
a l s o  s h o w e d  th e  w i l d e r  b e h a v i o r  o f  t h e s e  e lk .  D u r in g  1977 ,  G roup 3 
e l k  w e r e  h u n te d  m o n t h ly  a s  p a r t  of the r e f u g e  r e d u c t i o n  p r o g r a m .
T h e  m o s t  e x t r e m e  e x a m p l e  of  a l e r t i n g  b e h a v i o r  known d u r in g  
1977  c o n c e r n e d  a (5 ,6 )  b u l l  w e  l a t e r  n a m e d  "Out" ( H a d e r l i e  p e r s .  
c o m m .  ). S e v e r a l  p e o p l e  a p p r o a c h e d  to  w i t h in  about 400  m  of Out  
d u r i n g  th e  a n n u a l  b i g  g a m e  c e n s u s  on 26 F e b r u a r y .  T h e  b u l l  too k  
f l i g h t ,  and w a s  l a t e r  s e e n  b y  t h r e e  of f o u r  p e o p l e  f r o m  at l e a s t  800 m  
a w a y .  Out t r a v e l l e d  f r o m  the  s o u t h e r n  r i d g e  of R e d  S le e p  M ounta in  
so u th  abou t  3 .5  km  to  m i d  T r i s k y  C r e e k ,  then  e a s t ,  p r o b a b l y  j u m p in g  
t h e  i n t e r i o r  f e n c e  b e t w e e n  U p p e r  South  and L o w e r  South  r a n g e s  b e f o r e  
j u m p in g  the  b o u n d a r y  f e n c e .  T h e  top w i r e  o f  the  b o u n d a r y  f e n c e  o v e r  
w h i c h  h e  a p p a r e n t l y  j u m p e d  w a s  p u l l e d  dow n,  and on it w a s  a t t a c h e d  
a 5 X  20  c m  s t r i p  of  h i d e .  He i n t e r a c t e d  w i t h  m a n y  i n d iv i d u a l s  of  
G ro u p  1 t h r o u g h  th e  b o u n d a r y  f e n c e  b e f o r e  h e  w a s  s h o t  on 12 O c t o b e r  
( H a d e r l i e  p e r s .  c o m m .  ).
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V o c a l i z a t i o n
A w in d  s h i f t  a l l o w e d  at l e a s t  10 e lk  to  s m e l l  m e  w h e n  I w a s  
1 5 - 2 0  m  f r o m  t h e m  in c o n i f e r o u s  t i m b e r  on 29  A u g u s t .  T h e y  c r a s h e d  
t h r o u g h  s o m e  b r u s h  f o r  about  30 s e c o n d s  w h i l e  ta k in g  f l ig h t .  E lk  
v o i c e d  at l e a s t  35 "eau" c a l l s  w i t h in  the  f o l lo w in g  m i n u t e s  a s  th e y  
a p p a r e n t l y  r e g r o u p e d .
B u l l s  and A n t l e r  G row th
T h e  6 -p o in t  o r  b e t t e r  b u l l s  w e r e  out of v e l v e t  b y  about m i d -  
A u g u s t .  T h e  5 -p o in t  b u l l s  to o k  f r o m  about  1 to  3 w e e k s  l o n g e r .  A g e  
d i f f e r e n c e s  in  v e l v e t - s h e d d i n g  t i m e s  w e r e  r e p o r t e d  b y  M u r ie  (1 9 51 ) .
It i s  b e l i e v e d  that  i n c r e a s e d  l e v e l s  of t e s t o s t e r o n e  c a u s e  the  s h e d d in g  
of  v e l v e t  ( W i s l o c k i  1943  in M c C u l lo u g h  1966 ,  T u r n e r  1959 in  
S t r u h s a k e r  1 967 ,  R o b i n s o n  et a l .  1965  in  M c C u l lo u g h  19 66 ) .  It i s  
p o s s i b l e  that  the 2 ^ - y e a r - o l d  b u l l s  d e v e lo p  t h e i r  h i g h e s t  l e v e l  of  
t e s t o s t e r o n e  1 o r  2 w e e k s  l a t e r  than the  o l d e r  b u l l s  ( S t r u h s a k e r  1967) ,  
S o m e  s p i k e s  of th e  R e f u g e  n e v e r  l o s t  t h e i r  v e l v e t ,  w h i l e  o t h e r s ,  l ik e  
Lcf and Sd", had p o l i s h e d  a n t l e r s  b y  1 S e p t e m b e r .  R o c k y  M ounta in  
e l k  s p i k e s  in  s o m e  a r e a s  a r e  r e p o r t e d  to  r e t a i n  t h e i r  v e l v e t  ( K i r s c h  
and G r e e r  1 9 6 8 ) .  S h e d d in g  o f  v e l v e t  b y  t u l e  e lk  s p i k e s  v a r i e d  b e t w e e n  
y e a r s  ( M c C u l lo u g h  1 9 6 6 ) .
M o s t  b u l l s  had  s y m m e t r i c  a n t l e r s  w i t h  the  s a m e  n u m b e r  of  
t i n e s  on e a c h  a n t l e r .  B u l l s  w i t h  u n e q u a l  t in e  n u m b e r s  w e r e  a ( 3 , 2 ) ,
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a (5, 6) (Out),  a (6, 5) , tw o  (8,  7 ) ' s ,  a (3, 6) ,  and a (0,  7) ( lA )  w i t h  no  
l e f t  a n t l e r .  T h e  (3,  6) b u l l ' s  l e f t  a n t l e r  had o n ly  b r o w  and b e z  t i n e s .
T h e  l e f t  m a i n  b e a m  s w e p t  l o w e r  than the r ig h t ,  and then  c u r v e d  
u p w a r d  to  the  h e ig h t  of the  b a s e  of the  f i f th  r igh t  t in e .  l A  ("One  
A n t l e r " )  w a s  o b s e r v e d  on 1 and 10 June  b e f o r e  h e  a c q u i r e d  a h a r e m  
in  the  s t u d y  a r e a  on 18 S e p t e m b e r .  H is  one  a n t l e r  h ad  o n ly  fo u r  t i n e s  
in  J u n e ,  and h e  l i m p e d  c o n s p i c u o u s l y  then  a s  w e l l  a s  d u r in g  the  rut .
A g g r e s s i v e  B e h a v i o r
A n t l e r  - d i s p l a y
A n t l e r - d i s  p l a y s  p e r  e n c o u n t e r  w e r e  m o r e  n u m e r o u s  w h e n  a 
f e n c e  s e p a r a t e d  the  i n d i v i d u a l s  than w h e n  no  f e n c e  w a s  i n v o lv e d .  W hen  
f e n c e s  s e p a r a t e d  the  i n d i v i d u a l s ,  2 .2 5  a n t l e r - d i s p l a y s  w e r e  p e r f o r m e d  
p e r  e n c o u n t e r  (9 in 4 e n c o u n t e r s ) ,  but w h e n  no  f e n c e  w a s  b e t w e e n  the  
e lk ,  1 .2 0  d i s p l a y s  w e r e  p e r f o r m e d  (18 in  15 e n c o u n t e r s ) .  T h e  f e n c e s  
e v i d e n t l y  l e s s e n e d  the  e f f e c t i v e n e s s  of the  a n t l e r - d i s p l a y s .
S p a r
T h r e e  s p a r s  i n v o l v i n g  G rou p  3 b u l l s  w e r e  o b s e r v e d .  T w o  
5 -p o in t  b u l l s  s p a r r e d  at 07 1 5  on 4 S e p t e m b e r .  A 5 -p o in t  and a 4 -  
p o in t  b u l l  s p a r r e d  at 0 7 1 5  and 0 7 2 0  on 15 S e p t e m b e r  f o r  16 s e c o n d s  
a n d  1 m i n u t e  45 s e c o n d s ,  r e s p e c t i v e l y ,  w i t h  a p p a r e n t l y  s t r e n u o u s  
l e g - p u s h i n g  and h e a d - t w i s t i n g .  T h e  4 - p o in t  r e t r e a t e d .  A 7 -p o in t  and  
a 6 - p o in t  b u l l  s p a r r e d  at 0 7 23  and 0 7 2 4  on 15 S e p t e m b e r  f o r  18 s e c o n d s
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and 5 s e c o n d s ,  r e s p e c t i v e l y ,  w i th  a p p a r e n t ly  s t r e n u o u s  l e g - p u s h i n g  
and h e a d - t w i s t i n g .  The  6 -po in t  r e t r e a t e d .
H a r e m  O b s e r v a t i o n s
T h r e e  G roup 3 h a r e m s  w e r e  o b s e r v e d .  A 6 -point  bu l l  w a s  
s e e n  w ith  46 e lk  in c lu d in g  10 c a l v e s  on 4 S e p t e m b e r  f r o m  0 7 3 5 - 0 8 2 9 .  
A 6 -p o in t  and a (6, 5) bu l l  w e r e  s e e n  w ith  32 e lk  (17 f e m a l e s ,  e igh t  
c a l v e s ,  f i v e  s p i k e s ,  tw o  s m a l l e r  b u l l s )  on 8 S e p t e m b e r  f r o m  0740  to  
1000 .  An (8, 7) b u l l  w a s  o b s e r v e d  w ith  14 e lk  ( s e v e n  f e m a l e s ,  four  
c a l v e s ,  one s p i k e ,  tw o  2 1 - y e a r - o l d  b u l l s )  on 24 S e p t e m b e r  f r o m  
0 84 5  to  0 90 7 .
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A P P E N D I X  II
W EIGHTS A N D  AG ES O F  C A L V E S WHEN EAR TAGGED
AN D E A R T A G  COLORS
W eig h t  A ge  w h en  E a r t a g  c o l o r s
C a lf (kg) e a r t a g g e d ( le f t ,  r ight)
C a l f  1 —--- 1-2  d a ys w h ite ,  w h ite
C a l f  2 18.6 1 day b lu e ,  b lue
C a l f  3 2 2 .7  + 6 -8  d ay s r e d ,  red
C a l f  5 2 0 .0 2 - 4  d a y s b lu e ,  b lue
C a lf  6 15 .4 i  day w h i t e ,  b lue
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A P P E N D I X  III 
N E C R O P S Y  R E P O R T S  OF THE D E A D  CALVES^
1. C a l f  2
T h e  m a l e  w e i g h e d  46 l b s .  ( 2 0 . 0  kg).  T h e  a p p a ren t  c a u s e  of 
death  w a s  s t a r v a t io n .  T h e  a n i m a l  had c u r d s  in i t s  s t o m a c h  f r o m  
about a t a b l e s p o o n  of m i l k  a lo n g  w ith  about a ha lf  cup of g r a v e l  
and d r y  g r a s s .  The  r e s t  of the  d i g e s t i v e  t r a c k  w a s  c o m p l e t e l y  
e m p t y  e x c e p t  f o r  a l a r g e  m a s s ,  at the  p o s t e r i o r  end of the c o lo n ,  
about 2" in d i a m e t e r  and 5" lon g .  T h is  m a s s  w a s  f o r m e d  
e n t i r e l y  of c l a y  and sa n d  and p r o b a b ly  w o u ld  h a v e  b e e n  an 
e f f e c t i v e  b l o c k  to  p a s s a g e  of anyth ing  through the  i n t e s t i n e .  
A p p a r e n t ly  the  c a l f  s i m p l y  w a s  not g e t t in g  enough m i l k  and t r i e d  
to f e e d  g e t t in g  m o s t l y  d ir t  and d e b r i s .
2 .  C a l f  6
T h e  f e m a l e  w a s  not w e i g h e d ,  but it w a s  e x c e e d i n g l y  s m a l l  
and thin.  T h e r e  w a s  no e v i d e n c e  that the  c a l f  had e v e r  fe d .  T he  
o n ly  g r o s s  a b n o r m a l i t y  w a s  the  l a c k  of a c a r d ia c  t h y m u s .  A 
s m a l l  a m o u n t  of t h y m a l  t i s s u e  w a s  p r e s e n t  in the c e r v i c a l  r e g io n .  
T h e  e n t i r e  l y m p h a t i c  s y s t e m  w a s  u n d e r s i z e d .  S in c e  the c a r c a s s  
had b e e n  f r o z e n ,  w e  cou ld  not c u l tu r e  anyth ing  f r o m  itj but it 
a p p e a r e d  that e i t h e r  it o r  i t s  m o t h e r  had had a h igh  f e v e r .  T h e  
c h a n c e s  a r e  g r e a t e r  that it w a s  the  m o t h e r  s i n c e  the  c a l f  w a s  
o b v i o u s l y  u n d e r s i z e d  and w e a k  at b ir th .  A h ig h  f e v e r  in  a 
p r e g n a n t  f e m a l e  o f t e n  c a u s e s  r e g r e s s i o n  of the t h y m u s .
^B. W. O 'G a r a .
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A P P E N D I X  IV 
GROWTH A N D  P E L A G E  CHANGE
T h e  c h a n g e  f r o m  w i n t e r  to  s u m m e r  p e l a g e s  fo r  the  c o w s  and  
y e a r l i n g s  b e g a n  d u r in g  the l a s t  w e e k  of A p r i l  and the  f i r s t  w e e k  of 
M ay, r e s p e c t i v e l y .  T h e  y e a r l i n g s  too k  l o n g e r  to a c q u ir e  the  s u m m e r  
c o a t  than the  c o w s  did.  T h e  c o m p l e t e d  p e l a g e  cha ng e  f o r  a l l  e lk  and  
m u c h  of the s p i k e s '  a n t l e r  g r o w th  took  p l a c e  dur ing  c a lv in g ,  w h e n  the  
a n i m a l s  w e r e  o f ten  in t i m b e r  and d i f f i cu l t  to o b s e r v e .  F o u r  c o w s ,  
w h o m  w e  c o u ld  t e l l  ap a r t  through  p e l a g e  c h a r a c t e r i s t i c s  un der  f a v o r ­
a b le  c o n d i t io n s  b e f o r e  c a lv in g ,  l o s t  t h e i r  id e n t i t y  to us during  that  
t i m e .
Th e  c a l v e s  w e r e  tan w ith  l igh t  s p o t s  w h e n  f i r s t  o b s e r v e d .  
P l a c e m e n t  of  s p o t s  co u ld  be  u s e d  to d i f f e r e n t i a t e  c a l v e s  at c l o s e  r a n g e .  
T he  s p o t s  c o m p l e t e l y  d i s a p p e a r e d  f r o m  the  c o a t s  of C a lf  1, C a l f  4 ,  and  
C a l f  5 on 2 8 A u g u s t ,  3 and 11 S e p t e m b e r ,  r e s p e c t i v e l y .  T h e s e  d a t e s  
c l o s e l y  c o r r e s p o n d  to  the  r e l a t i v e  a g e s  of  the  c a l v e s  (T a b le  2 ) .  The  
r e l a t i v e  s i z e s  of the  c a l v e s  a l s o  in d ic a t e d  t h e i r  a g e s .  C a l f  1 w a s  
p r o b a b ly  the  h e a v i e s t  c a l f  of the  fo u r .  C a l f  3 and C a l f  4 w e r e  s i m i l a r  
in  s i z e .  C a l f  5 w a s  the s m a l l e s t  c a l f  of the  g r o u p .  T h e s e  s i z e  d i f f e r ­
e n c e s  p e r s i s t e d  unti l  at l e a s t  m i d - O c t o b e r .
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1 4 2
L cT  and S d" a c q u i r e d  th e  l igh t  c o lo r a t io n  of a b u l l  by 7 A u g u s t ,  
and w e r e  th en  the  tw o  l i g h t e s t  e lk  of the h e r d .  T h e  two m a l e  c a l v e s .  
C a lf  3 and C a l f  4 ,  w e r e  m u c h  l i g h t e r  than the f e m a l e  c a l v e s  b y  m i d -  
S e p t e m b e r .
D i f f e r e n t ia t i o n  b e t w e e n  c o w s  and f e m a l e  y e a r l i n g s  w a s  
d i f f i c u l t  o r  i m p o s s i b l e  a s  e a r l y  a s  m i d - A u g u s t .  Individual  d i f f e r e n c e s  
in  s i z e  c a u s e d  an o v e r l a p p in g  of s i z e s  b e t w e e n  t h e s e  two g r o u p s .  At 
l e a s t  tw o  f e m a l e  y e a r l i n g s  w e r e  m u c h  h e a v i e r  than Cow 4 by  1 
S e p t e m b e r .  T h i s  cow  n o t i c e a b l y  d e c r e a s e d  in w e ig h t  f r o m  1 Ju ly  to  
1 S e p t e m b e r .
G roup 1 c a l v e s  m o l t e d  th e i r  c a l f  co a t  w h en  about 3 m o n th s  
old ,  f r o m  l a t e  A u g u s t  th rou g h  m i d - S e p t e m b e r ,  w h ic h  m a y  h a v e  b e e n  
l a t e r  than R o c k y  M ounta in  c a l v e s  of  o th e r  a r e a s  w h o s e  p e l a g e  c h a n g e s  
o c c u r r e d  "by A ugust"  { K ir s c h  and G r e e r  196 8 ) .  T u le  e lk  c a l v e s  
m o l t e d  w h en  a p p r o x i m a t e l y  4 m o n th s  o ld  (M cC u llo u gh  1966) .  Cow and  
f e m a l e  y e a r l i n g  B i s o n  R a n g e  e lk ,  a s  w e l l  a s  tu le  e lk  (M cC u llou gh  
1966) ,  c o u ld  not be  e a s i l y  d i f f e r e n t i a t e d  b y  m i d s u m m e r .
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A P P E N D I X  V
E X A M P L E S  O F  THE FIVE F A C T O R S  T H A T  E F F E C T E D  
H E A D -P O S IT IO N  WHILE P E R F O R M IN G  A BITE
H e a d - p o s i t I o n s  w e r e  e s t i m a t e d  b y  the d e g r e e  ab o v e  ( p o s i t iv e )  
and b e l o w  ( n e g a t iv e )  the  h o r i z o n t a l .  An i m a g i n a r y  l in e  f r o m  the  
m i d d le  of th e  p o s t e r i o r  p a r t  of the  s k u l l  to the tip of the n o s e  w a s  
u s e d  a s  r e f e r e n c e .  An e lk  t y p i c a l l y  h e ld  i t s  head  at about -2 0° w h en  
s ta n d in g .
1. T h e  r e l a t i v e  l o c a t i o n s  o f  the  in d iv id u a l s
a. D i s p l a y e r  u p h i l l  of  o th e r  e lk  (n e g a t iv e )
b. D i s p l a y e r  d o w n h i l l  of o t h e r  e lk  (p o s i t iv e )
c .  B e d d e d  cow to s ta n d in g  B r u t e  (45°)
2 .  T h e  r e l a t i v e  s i z e s  of  the  in d iv id u a l s  
a. Cow to  c a l f  ( - 2 0 ° )
3. T h e  p a r t  of the  b o d y  at w h ic h  the  b i t e  w a s  d i r e c t e d
a.  Cow to Scf's  l o w e r e d  h e a d  ( - 2 0 °  to  0 ° )
b .  Cow to  c o w ' s  h e a d  h e ld  at s h o u l d e r  l e v e l  (0°)
c .  T w o  f e m a l e  y e a r l i n g s  d i s p l a y in g  b i t e s  at one  a n o t h e r ' s  
r a i s e d  m o u t h s  (80° )
4 .  W h e t h e r  the  n o s e  w a s  d i r e c t e d  s l i g h t l y  a w a y  f r o m  the o th e r  
in d iv id u a l
a. Cow 2 to  f e m a l e  y e a r l i n g  b i t e  d i r e c t e d  a b o v e  the  y e a r l i n g ' s  
h e a d  (80° )
5. W h e th e r  o r  not th e  d i s p l a y e r  p e r f o r m e d  a c h a r g e
a .  W hen p e r f o r m i n g  a c h a r g e ,  the  h ead  w a s  h e ld  about l e v e l  w i th  
the  s h o u l d e r s  ( - 1 5 °  to  2 5 ° ,  u s u a l l y  0 ° )
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